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lNTRODUGriON 

Geology ts 1. sc1cnce ''h1ch treats of the Earth But tl11S 

definition has to be spcc1ficd because tht Earth 1s stud ted by 
many sc1ences that ba\c thetr O\~wn specific tasks and methods 
of Investigation 

1-.fodern geolog; stud1~s tbo h1story of the Earth and tl~ 
l1fc In tonformlt) 'v1th this task, tt IS dt \ 1dcd tnto t'' o 
t-loo.Jely ye\ated s~c.t\ODS 'Vthlch arc somet1mcs tegardcd as scp 
aratc d1sclpltncs a) dynam1c (phys,cal) geology ''h1ch deal, 
\Vlth tho cau~cs and processes of geolog1cal change and 
h) historrcalgeology \\htch studtcs rrustal changes lll time anu 
space and the relation bet\\ cen the dr-, elopmcnt of the or 
gan1c 'vorld dnd tho Earth s crust 

Th1s bool describes the gcologtcal processes on tho sur .... 
face of the E-arth and 1n 1t outlines the h1storv of the Earth s 
crust and gtves a geolog1cal cbronolog) 

To cnablo renders to understand geologtcal processes 
more fulll the authors touch upon problems of astronomy and 
ph~s1cal geography and dlscus~ tho Earth s pos1t1on tn 
space ant.l also th(, '\artous hypotheses on tho Earth s origin 
The purpose of this boolts to teach people to rccogn1so orc­
fot:mtng and other \Vtdes'Prcad mtneralc; as '\ell as rocks use 
n gcologtcal compnss read geological maps and construct 
geolog1cal sections 

Ferrous and non ferrous metallurgy tho fuel and chcm 
teal 1ndustr1es agr1culture and other branches of the natton­
nl eeonomy o''e the1r ex1st~nce and de" elopment to m1ncr 
als and geology pro' Ides the knowledge nteded to look for 
and explo1t these rn.tnerals By stud} tng the structure • com­
posttlon and htston of the Earth s crust gcologrsts uncover 



lllC \\en ltll llltltlt n Ill the llO~Oill or tho I n rlla nrul tiC\ l'lop 
e f fi c J c n t nl c t h nd s 0 r l n p Jll 11 g l } II '{ \\ (' n It I! l\ Inn 0' ( r l h (l I n 
forntntiOO } JC1(1C'tl }I~ gcolog} Jl\ of tho UltllOt.;;t J JU}lort nnrt" to 
hutld ang 1lto Lu1ld ern of lug I net ort£'1s nnll ct' 11 lnltltll ng~ 
ra1l'' 8) s otl nnd gnq plpcl• ncs tunnels )Jrldge~ tl nnt'J ond 
rcscr\ otrs rcqu 1 ro prcl1m 1 nnr) gcolo~1cnl 1 n!ormntton on tho 
bcdd1ng of rocks 1 n nnd around LuJidtng s1 tr-; the cornpos1 
t1on of tiicso rocls nncl tl1o cond 1l1 ons ttndcr \\ lliCil t IJC} 
formed tho proccs"es chnng1ng thcso rorks nnt! the futuro 
d lrcCllon of tl1e:ce;.o change-s 

1\lnn ltn"l nl '' 8) 'i c\ 1 ncctl nn J nlcrc~t 1 n grolog} Tl11s IS 
borne: out h} the fnct tl1nt l1o lc1.rnc<l to prod nco metals long 
before tho da\\ n of our ern But • L \\ nc; on I) 1n tho first l1a 1£ 
of tl1c n1nctcenth rcntur) that tho fi~t chronolog} of tl1o 
Earth s l1tslof) '' n~ comp1lcd nnd tlteorltts ''ere Dll \ nnc~tl 
on tl1o format1on of mounta1ns 

TJ1e C'tt cns1 \ o fact unl mnt"r• nl )-Jclllctl by 1n' est 1gat1on~ 
1n 'n~t nrcns 1n I:uropc As1n anti Amcrtco pro' td~d the Ioun 
dation for sc1cntJ fie gC'ncraltso.tlons 

1\tanl- Russ1nn \\'est Europe"ln nntl Amcrlc'ln .scJcnt1sts 
118\0 1lclpctl to formulnto tllo fontlnmcntnls of gcolog} or 
the Ru~s1nn geologists spcctnl mcnt1on must bo matlc of 
1\likllnil Lomonoso" (1'71 l 1765) \\)Jo cnmo for\\ nr(l '\ttb 
tmportnnt tdcns about the Enrtl1 s ortg1n ond geological 
structure and dt<l much to further mJntng Outstnntltng 
\\orl. ''as dono nt tho closo of the c1ghtccnth and bcg1nn1ng of 
tho nineteenth ccnttt.ry h} Vas1ly Sc\ crg1n (mtncralog}) 
Ntkolat 1\.okshnro\ (cr~stnllograp1ly) and Dm1lr) Sokolo\ 
(gcolog)) The Ru~c;l1tl sc•cnt1sts \\l1o m1do 1mportnnt con 
trtbuttons to geolog) In tl1o second l1alf of the n1 nctccnth 
nnd early l\\cnt•~tll century Include Gcnnndy Romano\Sk) 
Alc"tandcr 1\_arptnskl Vlndtmtr Obruchcv 1, an Gubk1n 
And ret Arkhangelsk} (gcolog)) Vladimir 1\o, o1c\Sk) Nt 
kola1 Ynkovlo\ Alc"<Ct Bor1s) ok Alexei Pa\ lo, l\1 V Pn' 
lov (palcontologl) Y C\ graf F) odorov (crl stnllograph)) 
Vl1dlm1r Vcrnnd~ky Alc'\.andcr Fcrsmnn and Frants Lo 
'tnson Le~s1ng (pctrograpl1y anti gcochcmtstlj) 

J\broad tl1e out<;land 1 ng In\ cstJg'ltors tn the ntnctct. ntll 
nnt! t'' cnt1clh ccnlltrt('~ 1 ncltlUO \\ 1lltnm Sm1tl1 (Grc~t. Drtl 
atn) and Lcorges Cu"\ tcr (Frttncc) '' l1o IltO\cd thnL fosstl 
orgnn1sms play an tmport ant rolt-- In tho conscctttl '\1 o strnt1 
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grnplt) of scdtmcnts. Cl1nrlcs llc\1 (Great Br1taln) ''ho 1n 
traduced tl1c nctua.],l\tlc met bod ('' bcrebl tl1o past lS studJctJ 
through tbo present) 1nto gcolog}, ~dunnl Suess {Austr1n) 
''bo studtcd tho structuro of the farth s crust. E IIaug 
(Frnncc) '' bo do\ eloped tl1o geOS) nel1nnl tllCOI) Albert 
Jlc1m (S'' 1lzcrinnd) Leopold Kober (Austr1a) nn'l 1amc'i 
D" 1ght Dana (U S A ) '\ho stud ted tccton1cs and Alfred 
Lotbar \Vcgcncr (Germany) ''l1o de, eloped tho tl1cory lltnt 
cont1ncnts float on n bed of molten magma 

So\tet sctcnt1sts ha\o dono much to dc,clop the tboory 
of geology and to enlarge tho rn'' material resources of the 
So' 1ct m1n1ng 1ndustry Tbts '' orl IS being factlttatcd h') 
the Sovtet Unton s far rcnchlng plans of cconomtc de\ clop 
mcnt The Soviet Un1on s enormous terrttory nnd the great 
d1\ers1Ly of her gcologtcnl structure ltke\\JSO pro' 1de con 
s1dorablc opportun1Ly for goologtcal study and gcncral1sa 
tJOilS 

In the past fe'' decades So\ 1ct gcolog1sts l1avc dtsco\crcd 
nc'' resenes of ferrous non ferrous and raro metals,. o1l and 
other m1ncrals Sov1ct 1ndustry no'v hns all the mtnoral ra'v 
matcrlals 1t rcqu1rcs 

Hugo alumtntum dcpos1ts ha\c been dtscovered on tho 
eastern slopes of tho Urnl ~lounta1ns tn the T1J....hvin area 
1n the Ukratne nnd other rcgtons of the U S S R ~lanl years 
ago Academte1an Andret Arkhangelsk} had Insisted th£!rC 
"'cro alumtntum ores {bau"'Cttcs) 1n these rcgtons 

The dtsco,cry of huge tron oro depos1ts became posstblo 
thanks to our greator lno,,Jcdge of the genesis of 1ron orcs 
'"htch o.s Vwc no\v kno''• form not only '\hero scdtmcntary 
and magmattc roels come tnto contact but also far from these 
potnts of contact. 1n coastal regtons. as ''oil as 1n the \\cath­
crtng crust of roc1s 

Academician Ivan Gubhtn ''hose forecasts helped to 
d1scovcr o1l and natural gas dcpostts played an Important, 
role 1n dovcloptng tl1o theory of tho format1on of these de 
pos1ts 

Tbcorcttcal prcmlses have tn a large measure bcon rospon­
stblc for the disco,cry of d1amond fields Jn Yakut1a 

Gcolog1cnl Investtgattons ha\C strt!ngthencd and cnrtchc.d 
llydrogeologyJ cngmecrmg geology geotectonJcs, gcocryolo 
gy, volcanoJogyi palcon!aloCJ? anl1 otb.er dls-clpl:lnest and 
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ha\c also g1\t11 r1sc to man~ nC\\ gcologJcaldl~Clpllncs Gco 
chcm.tnstry dnd gcopll}Srcs cmergt.d during tho pre~~nt ccn 
turl and arc de\ cloptng rap1dlj Gcoclicmtstry \vh1ch o'' cs 
1ts r.tsc matnJl to the tll\CStlgations of the So\JCt se1cnttsts 
Vlad1m1r VPrnadsky and Alexander Fc-.rsman ~tud1cs tho 
IIIstory ol the chcmlcnl clements In the Earth s crust t1Io 
la\\S go,crnJng thc1r distribution and nlso thctr hcha\Ionr 
undo:r various phys1cnl and chem1cal cond1t1ons Gcop1l~stcs 
studJcs the ph3 Sica I propcrttcs of tho Earth as n '' ltolc and 
1ts scpnratc rcg1ons t]Irough 'ar1011s Instrumental obs"r' a 
t1ons Gcophj s1cal methods arc 'c.rl' Important 1 n the scarclt 
for nltncral dcposJt'; 

In stud11ng the Earth s crust Its forrnatton and 1ts cltnngcs 
1n t1mc gcalogl dra\\S upon thf" ba~nc theories of ph} siCS 
chcmiStr} and b1olog1 But the methods of lh"rCSllgntton 
u~cd In hcologl' dtfier greatly from chcm1cal anti luologtcnl 
methods In pll}SIC~ chcmlstr) ond b1olog} \artous IJ\\s aro 
c~tnbltsltcd through c"'<pCrimcntatton but It IS C"Xtrcmcly 
difficult to conduct ctpcrimcnts 1u geolog) It tS hard for 
example to create the ncccssaiJ. conu1 t1ons for orogcntc 
processes \\}llch ga,o r1so to mounta1n rnngcs O\cr n pcr1od 
of man~ mtllaons of }cars But cxpcrtmcnt~ modclltng 
'\O.t1ous gcologlcal processes nrc he1ng conducttd 1n man~ 
countrJcs •ncJud1ng tho Sov1t.t Unton 

Gcolog) s pr1nC1 pal method of In' cst.gatton JS to con 
duct close flcld observations of tJ1o consccut1 vo stratt fica 
t1on of rocks (strlgraph}) thc1r structur1l !calurcs {teet on 
1cs) compo~ItJon (pctrograpll}) and rcls.t1' c nbc on the 
bns1s of tl1o fossil fauna and flora }Jrcscr' cd 1 n th~m (palcon 
tolOR)) 

So\ ret SCI{_Ullsls nn..p-cn"Ctrat' ng e\ cr dccp~r 1. ntn the cscscncc 
o[tbcprocrs~sllle} arcc;tuti}Jng gcn~ralts1ng (11tab) mtth 
oJs of tltnl{cllca I Dl ,tertnltsm and formu lat1 ng h} pul h 
cc;cs on the gco}Og!C3 l procCSCiCS J n remote pr.t1 ods ot tho 
I:nrtl1 s h1stol) 

Tho structure of ai.J} ~a I I ,i c~ \\ h1cll cannot Lo rtnchttl 
for dJ.rcct obst)r\ at1on ts t udt~J L} tho protl ucls of 'olean 
1c erupt tons In' cfi;.t 1g1.t1ons o£ cnrlhqunJ...~s nnd of the pn i 
nge of c.c-15mlc ''a\~ tl1rougl, the I n.rtll gt \-e some l\l~a of 
tho tate o( mn.tl(\r •n the I artl1 Important conclu ton~ 
ha. \ c been nrrt \ cd nt tllrough 8 t ud} or ccothcrrnnl pbcnom 
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ena Obscr\ at1ons In tl115 field ha\o slto,\n that the great 
reserves of heat In the Earth play a very 1mportant role 111 

tho processes formtng tho Barth s crust the secular varia­
tions of tho boundaries of continents and ~eas the presence 
of hot spr1ngs and other phenomena 

Instrumental geophysical methods of ln\esttgation (se1s 
mometlJ magn1tomet-cy gra\ tmetry and so on) ~h1ch 
allo'' stu<lj 1ng the passage of seismic ''aves through various 
mantles of the Earth magnetic phenomena the distribution 
of the forces of gravit) and other phenomPnaf ha'\e enabled 
scientists to unfathom man) srcrcts of the structure of the 
Earth s crust 





ORIGIN or TIIB EARTIJ, ITS Pll\SICAL 
AND CIIEl\IICr\L PROPFRTIES 

TilE :C \ R Til IN CO S~IIC SPACE 

Tho Earth IS one of the planets of the solar system and rc 
'\Olvcs round tlte Sun l1ko all the other planets of this system 
The planets re\ olv1ng round the Sun are situated 1n a single 
planot namely, 1n the plane of tho ccl1pttc ''h1ch forms an 
anglo of about 7° ''1th the solar equator 

The problem of tho or1g1n of the solar sy"tcm an(l of tho 
cnttrc uni\crsc 1s of great theoretical and practtcal 1mpor 
lance 

All ~c1enttsts agree that celestial bodtes ''ero formed of 
tdenttcal matter Var1ous h:\o potheses ''ere enunciated to 
e'tpla1n the ortgtn of the solar system Ono of the first ''as 
the hypothesiS ad' anced b) Immanuel 1\.ant (1724 1804) 
1n 1755 

He sattl tho untvo~o 'vas formed of tho primary matter 
filltng cosmic space The part1clcs of th1s apparent!) soltd 
matter ''ero 1n n stntc of rest but dtffered from each other In 
density and mass Attracted hl mutt1al grav1tat1on they 
began to move and form separate condensations These con 
donsnt1ons cont1nucrl to Interact tl1o b1ggcr condensations 
attracting tl1o smaller ones In the spltcrc of thctr action Thtis 
\\Cro formed large knots of matter But bcstdcs gra\ttatton 
al forces tl1crL arc forces of mutual repulsion. under the 
act1on of ''l11Cl1 collidtng part1clcs bo11nce a''a~ from each 
otl1rr 111 d 1 ffcrcnt dtrccltons Tl1c d1rcrt1on that tl1c mo\ 1ng 
part1clc~ '' ~rc gt' en most frcq1tcntly hccnmc prcrlom1n1.nt 
nnd a mass of knots of matter bcgo.n to rc\ ol\ o 1n one d1rcc 
lton round a h1ggcr knot, round a central bod) -tho Sun 
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The parlttll~ rc\ ul' 1ng round the Surl n prc::,cnlltl r1ngs 
of a meteor sho,,cr ''htcl• had 1ts o''~ centres of nttracttOJl­
thc nucle1 of future planets Gradunll} uniting untlcr tho 
force of gra' Jlat1on all meteors are thus transformed Into n 
S}stcm of planets Circling round the Sun {F1g 1) 

In t7nu P1~rrc Laplace (17q8 1827) nd' nncctl a s1mllar 
h) potbests of the or1g1n of the solar S}stcm and other'' orlds 
ll1s II) pot he 1s ''as that the matter of \\ h1 ch tl1c Sun tho 

/-..... ,.,, .,ls~ 
........-

FE I Forn11t ton of tl1c ~un and the planet.! after h.3nt I '"lpl~ro 

pl1.ncts nnll t h~tr s1t~IJ 1tc~ cons1 t ''a~ at one t1 me a rarcfir-{1 
g1~ous r loud (n("buin) '' h1t.Jt ''as tn n stole of rotat1on (the 
("1.ll~ of '' h1rll 1 s unJ...nn\\ n) On occount or the- all r1ctaon 
l•r-l '' ~l'n \ l1L p~rltclc-s ll~1s n~bula Lt"gan l o ~on'l~ n c t n 1l~ 
._ <'nl re nnd l hts l~d to the fo.rmnt1 on of tJ1c pr1 me' nl Sun 
In the br~1 nn1n~ at ''as en\ eloped 10 n nebula ro' ol.., 1 n~ 
l' cnl} round t t Tlu .. p1rt lCI<"s ncal"(tst to tho Sun thus J~ 
cr1 b£ d. orb1ts of Jc~ (if rad • uq: '' h1lc tho c more d 1 tant d(k 
cral ('(I orLt t~ of l J ~h'<"f r~ul1 us 1 n the :~me Gip1 n of lim!' Th~re­

fore tl1~ (arth~r .a.'' a1 from tbe Ct'nt rc n n I tl1e "('1krr the 
grn\ Jlnt ton the J:r£-atcr l h~ <"<"'nt r1fu~nl rorcc h~canl!t J\l 0 

rertn1 n rl1 tn nee front l ht rent~ the e- lortC4:t true l n ba I 
ance- TI1o bounJOr) ctar:~t•ne: the gt\tn !) tem fromtLc 
oth~f"!. r3 -..cJ tl1rougf1 l bt~ pol Dt 
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Cnmg a'\a} 1ts heat mto space, the ro\olvmg nebula 
gradually cooled do'' n and consequent!}., contracted That 
led to an 1ncrcnse of the '\elocit) of rotation 'vh1ch at length 
attained a value at 'vbtch the centrifugal force exceeded the 
tnward pull of gravity On account of this, the nebula began 
to lose Its spher1cal form and to change 1nto a more and more 
pronounced spheroid Round 1ts equator the nebula began 
to disintegrate 1nto several narro\V and thtn r1ngs Under 
the 1nfluencc of uno\ en coo l1ng tho r1 ngs Lroke off and o'' 1ng 
to the attraction bet\\een the part1cles the planets re­
volving round the Sun ''ere formed (Fig 1} 

In contrast to h..ant s hypothesis "h1ch drc\V no attcn 
lion Laplace s propos1ttons became very popular as soon as 
the} v..cro published and tho) Influence<} tho de\clopment 
of astronomy In the nineteenth centucy Laplace s h) pothe­
SIS cxplatncd 'vhy the planets rcvol\ed round the Sun 1n the 
same d1rectton as the Sun ''as rotating round Jts o'vn ax1s 
''by the1r orb1ts ''ere arranged nearly 1n the same plane 
\Vhy the) were rotating round thctr axes 1n the same dtrec­
tion Olil the Sun and so on 

At present the hypotheses of kant and Laplace ''hose 
content 1s very nearly the snme arc 1..no\vn as the Kant 
Laplace hypothcs1s 

Further stud~ of tllo un1 verse and the solar system revealed 
numerous facts that contrad1cted the Kan.t Laplace pro 
pos1t1ons It became known for example that the satol 
l1tes of some planets do not rotate 1n the same dtrect1on as 
the planets tbemse},es (th1s concerns some of tho satellites 
of Uranus and J up1ter) 

Other cosmogonical h) potheses (the hypotheses of 1\loul 
ton Chamberlin, Jeans and others) developed out of the 
kant Laplace hypothests 1n tho t\\ent1cth century 

In the past fe'v decades the Sov1et scientists 'vho ha\c 
been dcveloptng cosmogonical hypotheses have Introduced 
cssenttal corrections Into the scient I fie Ideas ad" anced 1n 

the n1neteenth and early t\\entieth centuries One of them 
Otto Schmtdt beltevcd the early hypotheses ''ere untenable 
because they ''ere only qualttattvc l\lodern cosmogon} he 
sa1d should also engage 1n quantitative study based on 
mathem~ttcal and stattsttcnl methods 

In 19'i4 Schmidt put for,,artl a no\V hypothcsts 1n 'vhtch 
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1t '\ ns n~surncd tlt 1t t llc J•lnnPt q of t ~~~ ~olnr ct) ~tern or1g1 
nntc'l front n gn~ d u~t nl hula nl! rn( t ~(1 IJ) t ht Sun n~ 1 t 
111 o ' c ll J 11 1 ! 1 t c I' l c II 1 r ~ p 1 c l' 

Tltc ~olulrnt t~ortll p1rt ICll q n \ ol \ 1 n.b roun(l the Sun ttnJ t 
Cl} \llltll r l lie In flli£-UCC of gr1 \I tnlJOil lllltl ~n\ 0 rJ C to the 
J>l.nJJ.cts TJJls JJrocl"~s of un1 TieDt lOll o! t }Jo l'1uncts proc~~cl~l 
rather tnlcn-;t' l))} ~o long n~ tile meteor c;,ho\\ cr \\ ns dcnt;.eo 
hut 1 n the lnst 2 000 mlllton l cars t l1c otl d at1on of mrtcorJtr-; 
to the l:artl1 ltns been 'CJ1 I ncon~atlcraLil' Tltc red 1 ~t rabu 
llOil of the rnctcortto mnsc; '' 1t llln tl1c Lnrlll proceeded only 
I 0 ll \ I~COUS plnSliC ~t Olo \\ l t houl t ran~tl 100 t hrougJ1 8 nuul 
"-lrtge Tl•c 1 nrt l1 WJ.rrorLlJ ng to SrllnJull \\ ns nc' cr ltot Jts 
"' erngt.. tlnl pC'r1L urL nc\ lr c'trt (\til llb qo 1 l1t "'ll}J~Cf1Ucnt 
l•callng of the Lnrllt ~~ o~~urtnlrtl '' J t h tJ1c tit rnl of rad 1oac 
tt \ o clcmcltls 

Scl1mld L s II) potiicsts plaustbl) c'tplu1ns all t1Ic st ruct ur1.l 
fc1.t urcs of tl1c solar Sl stem the carculnr orbtts t lie re\ olu 
lton of tl1c planets tltc In\\~ go' rrn• ng the ~pactng of (he 
planets the tll\)~IOn of tho I)lancts Into l,\0 croups (Iorge 
planets and planets of tho tcrrc.str1n I l) pc) nto:reo' rr on 
tl1c nssumpt1on thnt planet~ rccc1' cd tllt.Jr qunnltl) of mo 
t10n from '\athout during tltc capture of n g1s UUSt Cloud 
at the c""tpcnsc o! tJJo enormous momentum of rotatton of 
the Galax} 1t sol,cs tho maJor problem of lllc dr~trtbut1on 
of mass anc.l momentum 1n tl1o solar S}Slcm 

Tho '' cak potnt 1 n ScltmJtlt s It} pothe~1s '\as l1o\' C\ er 
tho problem of the or1g1n of the meteorite gas dust cloutl 
round tl1c Sun '~hi ell ''as the Jn1l1al matcr1al for tiic forma 
t1on of the planets Tlte po~stbtllt) of tltc Sun captur1ng sucl1 
a cloud from tl1c Gnlax) has been mathcmaticalll pro' ed 
for tho case of Interaction of thrco hodtes ) et th1s poss1btl1 
ty ts so rare thnt It makes the process of the formatton of 
planets a untquo pl1cnomcnon In the un1' crsc Thts compels 
scientists to seek other c"tplanat1ons of the orJgtn of tl1o gas 
dust cloud round the Sun 

The lll\ estigat1ons of the So' 1ct a~tropll) SIC 1st ,.,. A Am 
bartsum} an arc of particular tmportancc 1n this connec 
t1on He prolcd that stars aro Io.rmtng continuously througl1 
tho condensation of matter 1n rarefied gas dust nebulae 

On tho basts of tl1ts fact tl•o Soviet astronomer V G Fe 
scnko' de\ eloped tl1c h). polllCSIS tltat fltc Sttn nnd tl1c plan 
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els revolvm&, round Jt or1gmatcd from a common gas dust 
mcdtum According to hts hypothcsts at the t1me the Sun 
''as formed as an ord1nary star tts l1uge mas~ and fast ro 
tat1on caused matter to separate from 1ts equatorial plane 
Th1s matter formed a gas dust cloud of unequally distr1but 
cd dens1ty The subsequent c\ olutton of thts cloud proceed­
etl under the tnfiuencc of gra\Ityi and led to the creation of 
the planets The formation of tl1e planets ts thus a part of 
the general process of the format1on of stars and appears to 
be a '' tdespread phenomenon tn tho un1 ver~e Accordtng to 
Fcsenlov the Earth as all the otl1cr planets took shape 
Immc-diatelj throughout 1ts mass and not as a result of , 
long '{lrocc~~ 1n" ol' tng tl1c concentration of sc, pardtc part1 
clc-s of d u ~t 

It 1s no'v generally accepted that the Sun and the ntnc 
kno\vn -planets ravolvtng round tt represent a planetary sys 
tcm '' h1ch tra' cls 1n space at a vecy l11gh speed The solar 
Sl.utcm mo' cs at a 'cloc1ly of 233 l1lometres per second 

fhe group of tho minor 'Planets of the terr( str1al tvpe IS 

ne'lrcst to the Sun These planets nrc rclati\ely small and 
thc1r dcnstty 1s 'cry hlgh If 'vc take the mean distance from 
the Earth to tho Sun (14.9 500 000 :kilometres) as our un1t of 
d1~tancc \\e shall find th1s group of planets In the follo,v1ng 
order 1n relation to the Sun I\lercurJ 0 39 un1t, Venus 0 72 
un1t 1 the Earth 1 0 un1t and 1\lars 0 52 un1t 

They nro separat~d from the outer group of maJor plan 
ct'l by a belt of astero1ds {or planeto1ds) 1 wh1ch cons1st 
of ac.cumulnt1ons of small plnnet l1ke bod1cs rovolv1ng about 
tho Sun In elliptical orb1ts, and or•ontcd tn dtffcrent dtrcc­
ttons Fcsenlov est1mates the total mass of asteroids as 
0 0003 of tho Earth s mass 

TI1c maJor planetc; ''hose mass comprises 9() 5 per cent of 
,_11 planetary matter arc nrrangccl In relation to tl1o Sun 1n 
tl1c follo,v1ng order J up1tcr 5 20 un1ts Saturn 9 55 un1ts 
Uranus 19 19 un1ts, Ncptuno 30 07 un1ts and Pluto 39 65 
units 

If ''o adopt tho d1amctcr of tho Barth as one 11n1t o[ mcas 
urcment, the d1amctcr of ~lcrcucy ''1ll only bn 0 38 un1t 
ot Venus 0 97 unit and of Afars 0 5 un1t Tho dtnmetcrs of 
the lllllJOr pfancl.s \\Ill then be Jup1tcr 11 umts, Satul"n 9 5 
untts Uranus 4 untts and N~pt11nc 3 8D \ln1ts {F1g 2) as rc 
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~1rt1 s l~lut o •., ell nmcl~r J L 1s LcJ IC\ ct] to bo n fl.) th1ng fro In l1, 11 
to nhout tIll s1rno n'i tho I n rt h ., 

1\ l fOUOnll fS J1 1\ C C'-t ll}J(l~hr(J lh 1t llll tf en~lll o[ l hL ltr 
rcslrl nl Jllnnl t S 1 'I gn nl~r ll1n U I hnl of the lJHlJor p!a nels 
fho tlert-,tl} o( tho L1.rLJl J r1 G/c 1113 • c; CfJU 11 l o'"' 52 the c1rn 
~L l). o[ J tl JlllC'r 2 3 \\ }l!lo the tl C'nSI t) or S1turn JS on I) 0 7 
1 (' less tl1nn tIll d cn~J t) o[ '' ntcr 

S1' planets l1n \ o "'lt ell 1 t[t~ !\lost o[ tho 'i1lt.Jll tc.s tc\ ol \ c 
round tho pin nets 1n the snntc d1rrctaon ns ll1c1r pn~nt bo•l 
1cs tc\ ol' o roun(l tl1c Sun J up1l~r 1Jn3 th~ lnrg!'""t number 
of S1lcllatcs--12 LJCilt or l h!'m fl.\ ol \ L round J upttcr In 

tho 51!110 d trect l on ns the Jllnn( t ll ~eJ r '' hl rc the rcnl11 Ill ng 
four rc\ ol \ c t n the oppos1to d t rcct a on 

l\ln~ hns l '' o s llellltcs S1t urr1 na UL nnd nJso n r1nb Ur1 
nus {i, c anti !\ ept nne t \\ o Tl1o l\1oon ts tho Larth 'i .sate I 
!a to l\lcrcur} \'en us ond 11luto hn' o no sntc llttcs 

Tl1cro nrc tl1us n1 no plnncts nruJ fort) sntcll• tcs (not count 
ang Sa.turn s r1ng) Jn tl1o solar S) stem On J nnunr} 2 10~9 
ll10 U S S R launcltctl n Sp:tCC roc.h.ct \\ h1Cl1 broJ...o ]OOSC from 
tl1o I::nrtll s gr1 \ 1 tnt Jon nnd. '' c11t 1nto orL1t rountl tho Sun 
LIIcrcbl bccom1ng the first man mode fi\,t~ll1tc of tho solar 
S)Stcm 

Comets nrc also n pnrL of tho solar S)btcm Obscr' ct.l from 
tl1o LartlJ tl1c} nppcnr as lumtnous nebular spots (head 
of tho comet) from ''h1ch n lumlnous tall streams out 
Comets cons1st of extremely rarefied gases (ch1efl:, carbon 
mono"ttdc and C) anogcn) nnd of t1ny particles of cosmtc dust 
,vbtch reflect tho sunltght A certain consolldnt1on IS ohscr' cd 
only at tho head or nucleus of a comet TJ11s nucleus 
C\lclcntly consists of an accumulation of stones and boulders 
spaced at small 1ntervnls 'lho mass of a comet 1s tnfinltest­
mal and docs not exceed tho mass of smnll astcrotds (cnlcu 
Ia ted 1n million m1ll1 ontl1 parts of tho Earth s mass) 

L1h.e the planets comets re\ ol\ c round the Sun 1n cll1pl1 
cal orb1ts Onl} some of them move along sl1ghtly elongated 
ellipses and can therefore bo periodically obser\ed from 
the Earth The orbits of tl1e maJOrity nrc so strongly cion 
gated that Jt takes them hundreds and sometimes thousandg 
of )Cars to camplcto ono rc' olution round tl1e Sun 

1)1ancts \\lth a h1gh dens1tl as ''ell as asteroids ha' o the 
same mtncral composition os tho Bartl1 Th1s 1s pro\ cd by the 
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meteorJtes that: have 
fallen on the Earth 
These meteorites are 
fragments of dtslnte­
grated COSMIC bod1es 
\vhose composition 
was stmtlar to that of 
terrestrial type plan 
ets The m1neral com 
postt1on of the mctco 
r1tes has been studted 
qutto comprehens1 ve 
1) None of the m1ner 
als 1n them are un 
known to us Some of 
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the meteorites have a F 2 R 1 t f th s n the 
h h fi h 1 g e a 1 vc Site o e u 

tg spec1 c '\\ etg t planets and the A loon 
and cons1st of Iron and 
nickel. others consist of lighter minerals o.nd are known as 
stony meteorites 

1\tany of the smaller fragments of cosmic bodies that 
get Into the Earth s atmosphere burn up completely before 
they reach the Earth's surface and a part of them S\Veep 
past the Earth 

Be1ng one of the planets of the soJar system the Earth 
1s 1nDueneed by the Sun and the other planets of th1s system 
But the greatest Influence on the ltfe of the Carth 1s exerted 
by the Sun and the ?\loon The 1\ioon 1s 384 395 kilometres 
or 60 terrestr1al rad11 &\vay from the Earth 

A number of geodynamtc processes. called exogenous 
(external} processes. are determtned firsL by the re' olut1on 
of the Earth round the Sun and second by the fact that the 
Earth rece1\es beat £rom tho Sun The latter factor strongly 
Influences the condtt1ons and mobtl1ty of the Earth s at 
mosphere The phenomenon of ocean ttdcs ts prod need by 
tho comh1ned grav1tat1onal attractlon of the Sun and :r..loon 
upon tho Earth Tho ago of the Earth as a planet 1s enormous 
-about 4 000 m1llton years 
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Til I I \ llTII ., ~If\ f'J rJJ\ ~If\ I lllf)rJ 1\TII_, 
\' IJ f f»\1 I ()~ITJf)' 

S!1npc 0/llz~ Cnrl/1 I nt II lIn -:ft\ rntrt"nl II CPnt ur) It 
\\ n s I• t lJ t ' t t J t h n t l h c- J n rtl1 '' n 1 n n ~ u! n r ~ph t n. J J o \\ r, r r 
h) t ht c In ~ott or lllnt (C'Ul Ut.) lllRU) fnct ... I~ 1tl IJl ( n nrcurnul'ltC'- I 
\\ h1rJ• t nd 1rn t l d l h 1l lin I n rtl1 \\ n ~ not n "l'hrn TlJc o-J 
c ell n t 1 n n' or l II l ~ t u n ~I p t n I u I u ru '' t n o I, l r' < d 1 n I r1 n t l 
nU1) in lhl' £ll]U1lnr1nl 1~1rt or 1\1netraCll nnrJ thr<t. ~ttUdlr~ 
.tihO\\ rei lhnl t llt u~tl J Jn l a on, \\ t n. --lu\\ t r in t hr ~,ut h l h 1 n 1 n 
tho norl h J It ne-t ll \\ n~ 1 ur~ rn t1 l hnl l h" f n rth l•ulgL.J more 
an the l'fJU 1tnr1 n I n J!ttln t hn n 1 n t hL polnr .n ~ton 

J Jl d r p ( n d { u tl} u r l 11 ~ ll.t l () h ~ r \ n ll (J n.. ~.., rn {' -; (" J ( n t 15 t ~ c :1m 0 

t o t h c r o u c J u ~ 1 o n t l1 n t l l1 t l n r l I~ '" n ~ n C4 pI a r rn f (I \\ 1 t f1 ll1 C' 

JlOinr n 111 ~olnC\\ hnt ~horlt r t hnn l he rtJU.nlorlnJ n llS 

llu s cout lu"to n n n) l frurn t hl t hrort't 1 en I n--1 ~on1 11~ tlu1l 
tll one tl rnC' lht 1 nrt Jt \\ n! an n fluuJ ur fllost zc ~lnto 0\\ 1ng 
to 1 ts rolntJoll n houl 1 l ~ o\\ n n xIS 1 h rou~h the nrl1on of rl'ntr• 
lu~nJ Ioree~ t JJo 1 1r!lJ unn\ OJ1lllhl} JJrrnnu.' ll1ttl'.r nt tJ.ro 
1•ul£ 'J o nd C' tJ~nndt"d nt thl C'fJUntor 

I u till SC\ t ntl'enth nl ntl!'(.'tntlt C( ntur1~s to ~ol' o the prol• 
lrn\ or tho I n rtl1 s sh.n po tho ll ngth or tho n10r1d ann nrc '' ns 
ffll1Surtd nt d tfll n nt lntJ tudr5 b) t lto trlnngtJinll on rnt tliotl 
Thlso Jnl nsunrnlnls sho\\ccl tllot tho ltngth of the merHJinn 
ore corn. spond1 ng to ono <lr-grtc of Jntl t udo 1 ncl'{'nsed from 
t)lo cquntor to\\ anls tho polL Ill flQtltculnr n US'ltnn SCl~ll 
t1sts took a number of lnlltutiJnn mcnsurttncnts '' htcb to 
th ~~ d 1) const1 t uto tho gr'- 1.tcr p1rl of t1Jo geodettc , ... or h. 
thnt l1ns Lc~n dono to measure tl1o 52nd pnrallcl T1to l1nl 
of ml'nsuremcJlt b~gJns Jll Lnglnnd p1SSC's t},rough D.(\JgJ un1 
German) nnd Poland and strctcllCS In nu~Sln up to tho tO'\ n 
or Or.sk In the Tr1DS Ural region Titus ncar!) t,\0 tbJnls 
of tl115 IJ nc 1s J n Russta 

D1 ffcrcnt lcngtJlS of the cquator1nl and polar scru1 8 "CC'S 

or tl1c Enrtl1 s rad11 hn' o been cstahllsltcd .ns a result of nu 
mcrous long•tudJnnl and latitudinal nlcasurcmcnts of lite 
Earth s surface Accordtng to the~c measurements the cqua 
tor1nl radius 1s 21 kilometres longer thnn tltL polar r1.d1us 
It ts no\\ accepted tl1o.t the r'ld 1 us of tl1c Cart It a' ~rages u 378 
ktlomctrcs tl1c Eorth s contract1on IS 1 2q8 nnd Its surface 
bas an area oi 51G 100 -g.z'l s-quZ2I~ k~\~m-e:\.:r~s 
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The exact determination of the shapo of the Earth IS of 
1mportance to theof} and praeltce The reason for thts ts 
that 1t affects the accuracy of geodetic sur' e) 1 ng and cartog 
raphy The rad11 g1\cn above sho\v that the globe ts flat­
toned at the poles and that Its shape IS close to that of an oblate 
sphcrotd Detatled gcodettc and geophysical xnvesttgat1ons 
ha\e also established that the cquator1al rad11 arc not equal 
1n length ctther On the equator there IS a (ltfferonce of 213 
metres 1n the length of the radii The Earth IS thus consid­
ered to be a triaxial ellipsoid v..hxch has been named tho Kra­
so\sly ell1pSo1d thts shape IS also lno'vn as a geotd, 1 e , 
a shape that IS distinCtive of the Earth only and cnnnot be 
reflected by any proper geometric form Tho :Carth 's surface 
has an arnpl1tude of une' enness of 20 kilometres 

Force of Oravlty The un1que shape and structure 01 

the Earth cause changes tn the pull of grav1 ty on 1ts surface Rc 
cent accurate measurements of the force of gra,Ity gi\e an 
tdea of the la\\S go,erning 1ts distribution on the Earth s 
surface There IS greater gravtty 1n the polar than 1n the 
equatorial rcgron and gravitational acceleration changes 
smoothly from the pole tO\\ards the equator by half a per 
cent 1Io,,e,er a de-,..1at1on from this rule 1s observed at a 
number oi po1nls 1nsome places the iotce ot grav1ty 1s above 
normal (pos1t1\e gravity anomaly) and 1n others 1t 15 

below normal (ncgati\e gravity anomaly) Anomalies are 
brought about by rare changes In the composition of rocks 
Gra\Ity decreases 1n places conststtng of llght rocks and 1n ... 
creases "hero the rocks arc heavy 

Grav1ty IS measured ''1th special Instruments called gravtty 
meters and the study of the changes In the force of grav1 
tl IS the subJect of the science of gravimetry In recent 
years th1s science has begun to play an Important role In help­
Ing to sol\e maJor problems of geology Grav1metrtc maps 
that reveal a rather close relationship bet\\een the force of 
gra"witj and geological structure aro comptled on the bas1s 
ol measurements of the force of gra\Ity 

Density ojthe Earth It has been established that desp1tc 
tho great dtiTcrcncc 1n tl1c dons1ty of 1nd1v1dual component 
rocks the denstt) of the Earth "s crust var1cs from 1 5 to 3 4 
R'\erag1ng 2 7 lhlS lS the dens1ty of the most \VIdesprcad 
rocks such as sandstone clay chalk l1mestonat gran1te, 
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basalt. and so on The denstty of tho Earth ns n 'vhoic. deter 
m1ncd h) dt\Jdtng Its \Olume by Its ''e1ght JS 5 52 

The gcophystc1st Phtl1pp 'on J oily ''as first to cstnbl1sh 
the dcnstty of tho Earth lie ofltntnod tho , aluc of 5 u92 
'' 1 th a posstbla error of :1.. 0 OG8 The Earth t s d ens1 t y has 
subscquontly been determined at dtficrent po1nts (•n moun 
tains Dlines and valll-ys) by many JD\CstJgators ''1th ordi­
nary and tors1on balances pendulums, plumbs and other 
Instruments oDl y sltght de' 1 a t1 ons from tho abo' o a vcrage 
dens1ty ba\e been recorded 

Since the dens1ty of tho Earth a\ crages 5 52 and the dcns1 
ty of the Earth s crust \aries from 1 5 to 3 3 1t IS supposed 
that 1n the centre of tho Earth there are \cry heavy masses 
Vflth a density of not less than 12 \\h1ch IS roughly equal 
to the density of lead 

The appro-,;:tmate density of matter In tho Interior of the 
Earth at different depths has been cstnbltshcd through a study 
of the diffusion \eloctty of seiSmiC osc1llations At the 
same l1IDe It has also been ascertained that the diffUSIOn \e­
loci ty of seismic oscillatlons Vwhlch as a rule to creases 
smoothly \VIth depth undergoes sharp changes at certain 
depths 

The d1rect1on of seismiC rays also changes sharply at these 
depths 'vhero the ral's refract and arc e\eD partially reflect 
cd These sharp changes are observed at depths of from 5 
to 70 ktlometros On continents they are observed at a great 
cr depth and 1n oceans nearer to tho Earth :, surface fhcse 
are kno'' n as surfaces of the first order Tho first has been 
named after 1\tohoroviC the Czech sc1ent1st '"ho u1SCO\Cred 
Jt At 2 900 mt.trcs JongJtudJnal \\a\es refract \Vlth partie 
ular sharpness ''h1lo trnns\crse \\3\CS fade Tbts 1s on Indi-­
cation that tho ph}Sical properties of rock hn\c undergone 
sharp changes at l 900 mctn-s 

The rate of dtlfnsron of Iongitudlno I '"aves 1n the first depth 
dt' lSI on 1 s 5 5 6 5 kmlscc then 1 t 1 ncrcases abruptly to 
8 km/sc~ and further aL 2 900 metres 1t rcnches 1ts mJ.XI 
cnum of 13 6 l.m;sec after llhJch 1t drops to 8 1 kmjscc nnd 
then gradually r1scs to 11 3 kmtscc 

On tho basts of a study of earthquakes nnd a detcrmtna 
tton of tho mass and a\Cr.3go dens1ty of tho Earth 1t zs as 
sum~d that th~ Earth cons.ts.ls of tllo follo\\lilg tnner shells 
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(geosphercs) v.hlch d1fier from each other tn compos1t1on 
and condition of matter 

1 The upper shell h.novm as tho Earth s crust (1ttho 
sphere) Its th1ckness on conttnents ts from 30 to 40 ktlom 
etres under mountain ranges up to 70 k1lometres under 
the Atlanttc and Indian oceans from 10 to 15 k1lometros, and 
1n the central part of tho Pac1fic Ocean up to five k1lometres 
The composition of tho upper parts of the ltthosphcrc d1ffers 
from that of the lo,,er deeper zones In the upper part of 
the l1thosphere there lS a predominance of oxygen (0), stllc­
Ium (S1) and aluminium (AI) In the lo,,er lc,els magne­
Slum ~1g) supplants alum1n1.um Tho Earlh"s crust 1s 
composed of rocks \\htch are common on the surface The 
denstty of these rocks does not exceed 3 4 

2 1he Intermediate shell (mantle) IS believed to spread 
to a depth of 2 850 2.900 kilometres In the composition 
of the upper part of the mantle Fet 81 and 1\.fg pia~ an Impor­
tant role ''h1le Cr IS of lesser tmportance In \te'v of this 
the upper layer IS called the crofeslma Tho density of tho 
matter 1n tt ranges from 4 to 5 Its depth var1es from 1 200 
to 1 250 kilometres Downv,ards In the compos1tton of the 
mantle an essential role IS plaled by N1 and the lo\\Cr la3oer 
oi tl1e mantle 1s therel{)te called the nt/estma The dcns1ty 
of the matter In th1s layer 'aries from 5 to 6 

3 The L.arth s core 'v1th•n whtch an Inner core IS diStin­
guished The upper boundary of tho 1nncr core lies pre­
sumaLly at a depth ol 5 000 kilometres It '\as previously 
supposed that the core ''as composed of tron n1ckol and other 
heavJ metals, and 'vas called nlje At present 1t Is 
belte,cd that the coro differs from the ovcrll'tng shells by 
the state of the matter rather than by ltS composition Un .. 
der the h1gh pre~sure prcva1l1ng In tho core., the matter, 
'vhtcb 1s of a stl1cate content, Is 1n a metalltscd state Th1s 
means that under the tnftuenee of pressure the atoms '\\Cre 

parttally destroJed and lost a certa1n quantity of the1r elec­
trons 

There ts another chango 1n the ph}Sieal properttes of 
matter at the border of the Inner core. 1 t IS not unl1lely 
that th1s change ts ltnled V¥1th the detachment of a still 
greater number of electrons from the atom1c s;stems 
The dcns1ty of matter compostng the core ,aries from 6 to 
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12 TJuq gcoqphero Jq nlso rnllcd the !Jor}sph('ro or l1~n') 
sphere 

Pressure RrO\\ q \ C'lj rn p!tll} \\I tl• tl£'pt h At n •leptll or one 
k1 lomctrc thC' pn. s.,uro IS 2i , nttn nt 70 k1lomct n ~ 18 f)()() 
otm nt 1 200 J...ifolnct n. S lt03 fQQ ot m n Utf 0 t J, 000 ka (omc­
trt.S 1 213 i 00 ntJU In tile C~Jllrc or tile I nrllt lh(' prei\Surc JS 
npprO'\:l mntcly ~ 1(,3 lj50 aln1 

AJagtaet/c Properties of the Cart It Tlar rartlt posscsscs 
mngnC'lJ c properties n fort thnt l1ns h('£111 lno\\ n to nnctcnt 
peoples '' l1o lcnrncd to uso n comJlnS.i A znagncttc nC'C'tllc 
'' ns u& d for pr1rt1l n I purpo~s for tho fin,.t t 1 rno ),) tho Ch1 
nesc three thou~1nd 3 lnrs ngo In ruropc the ron1pnss hns 
been 1n u~o s1nre only tl1o t\\Ciftla ccnluiJ nnd tho stud} 
oft he Cnrtll " mngnt"tJ r prop c. rt1rs brgo n 10 fact nt the end of 
the CJghtCJcnt h ccnlul) 

TJJo EnrtJJ s mngnptJSm JS c1JnrnrlcrJscf1 LJ ll\O lDlurs 
mngnct1 c <.lcciJ n'll 1011 ancl mngncttc 1 ncl1 n3t1on 

llfagn.etzc decllnatton lS tho nnglo bct\\ccn tho <llrcctton of 
the mngnet1c needle- nnc.J thO' gcogrnph1c mcr1dann and cnn bo 
cnstcrn or ''estern lt (l1ffcrs nt \nr1ous po1nts A ltnt- on n 
map JOl n1 ng pot nts '' 1 tit the s1.mo mngnct1c dccl1 nnt1on IS 
called an rsagon (o.r1n tsogonic J1no) A zero tsogon of Jccl•na 
l1on IS called n mngnct1 l. merJd 1nn L1ko tlte gcogruph1c n1c 
r1d 1ons •sogunJ c 11 nc-s con\ crgc on one po1 nt 1 n tl1o nortl1 and 
south hut tl1cse po1nts do not co1 nc1do '\ 1ll1 tl10 gcographtc 
poles tho roord1nnt0s of tho North 1-.lagnctlc PolL an., 70 a 3 
N and 96 45 d \\' nntl tliosc of tho Soutl1 l\Ingnct•c Pole arc 
75 6 S nnd 151 8 C \\ o cnnnot say dcfiJ11tcly ''by tl1o mag 
netic poles do not coincide '' 1tl1 the geogr1ph1c poles but 1t 
1s presumed tltat thts 1S duo to tl1o one\ en d!stribut1on of 
land and \\liter 

ll!agnetlc zncllnatton JS tho nnglo of JnLI1nat1on of tl1c mag 
netic needle to\\ards the ltortzon 1n tho Northern Hem1 
sphc~ tl1e north end of the needle tncl1ncs to the hortzon and 
In the Southern Hcmispl1crc tl10 soutl1 end Inclines to tl1o hor1 
zan Tho Inclinatton 'ar1cs at dtffercnt potnts The l1ncs JOlD 
1ng po! nts of equal Inclination arc called Isocltncs (tsocll 
nnllincs) Tl1c magnitude of lncltnntion 1ncroases fro01 tl1o 
cqua tor to'' nrd s tho poles and rcach~s 1 t s ma Xl mum at tl1 c 
magnt..t 1 c poles \\here tlto need lo comes to rest 1 n a 'crt1 en I 
posJtlon Isoclines pass nt a r1gbt angle to tbo tbogons 1:ilo 
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gr1d of magnetic Jsocltnes and 1sogons thus does not co1n 
ctde 'VIth the geographtc grid of latttudes and longttudcs 

The magn1tudcs of Jnclinatton and declination "ary 1n 
time Th1s tncludes d.turnal annual periodical (at regular 
Inter\ als Iasttng for a number of }Cars) and secular 'nria­
tlons These var1ations are apparently associated '' 1th the 
Earth s position tn relation to tho Sun thts pos1t1on changes 
1n the course of t" ent-y fom hours years and cent u-rles Some 
scientists belte\ e that the vartations 1n tho Earth s magnetic 
properties are due to changes 1n the state of tho Sun 

In some places of the Earth the d1rectton of the Isoclintc 
and 1sogontc l1ncs undergo definite \ ar1at1ons 'vh1ch are 
ltnkcd up 'vith magnettc anomaltes It has been ascertained 
that magnetic anomaltes are caused by largo masses of mag­
netlte (magnetic 1ron ore) or ferruginous rocks lying rela­
ti \ely close to the surface of the Earth They can also be 
caused by strong dtsplacements fractures tn the Earth s 
crust \"fh1ch thro'v rocks \vtth dtfferent magnct1c charac­
teristics xnto contact 'v1th each other 

In addition to the magnetic declination and Inclination, tt 
ts also Important to detcrm1ne the 1ntens1ty of the gcomngnet1c 
field '\ btch has dtfferent 'a lues ID various places and changes 
dependtng on the Earth s pos1t1on 1n relation to the Sun 

Parallel ''1th regular dturnal \artations of magnetiC ele­
ments (tnclination declination and tntens1ty) sudden '\ar 
Iattons of the magnetiC ncedlet going far beyond the ltm1ts 
of dturnal variations arc sometimes observed These 'ari­
ations of the needle reg1ster d1sturbances 1n the geomagnet­
lC field ~alled magnet1e storms 11agn-c-t1c storms are, as a 
rulo short-It' etl but they sometimes last for se\ eral dal s 
A study of magnet1c storms has sho,,n that they either ac­
company volcantc eruptions ar1sc \\lth thunderstorms or arc 
l1nkcd up "1th earthquakes 

h.no\vlcdge of tho Earth s magnetic properties IS ttt111sed 
1n geophysical prospecting for mtneral deposits (magneto .. 
metrJ) Slmultaneousl~ With grav1metnc and other methods 

Thermal Properties of the Earth The Earth pos 
Msscs n definite amount of heat external heat from the 
Sun and Internal heat from the :Carth s 1nter1or 

The Earth receives an annual average of 10%1 large calo­
rtes of heat from the Sun No t'vo po1nts on the Earth re 
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cel\l tho ~arne amount of hcnt fr{)m tho Sun because tht! 
dcpLnds on tho force of radiant energl {Insolatton), and, 
to a large extent on !ovcral other fnctors the uneven d1s 
trihUtion of land and \\atcr, '\bleb po~ss d1fferent heat 
absorptton and radiation capacittc~ (tho dtfferonce btt,,ecn 
a mar1t1me and cont1ncntal cl1matc) tho crusta1 rc1zef (lor 
C\ cry 100 metres of clc' at1 on abo\ o sea level the tempera 
turc drops by 0 5°) the de,elopmont of \egetat1on {an ab 
scnce of \egcttttion causes steep fluctuations 1n the so1l tem 
perature) and a•r and oecan currents 

It lS nevertheless poss1ble to establish po1nts on the Earth s 
surface '\Ith Identical mean annual or monthly tempera 
turos Thts enables us to comptle tom perature charts constst 
tng of tsothcrms ~~gular cur,es l\h1ch diverge, some 
tJmcs \Cry greatly from lat1tud1na1 J1ncs 

In the Northern Hemtsphcro tho mean annual tempera 
turc IS 15 5° C and ln tho Southern Hemisphere 13 6 C Tho 
monn annual tcmpcraturo of IDdl,Jdual potnts 1n each bern• 
sphere dcclJncs 1D the dirL.Ction from the equator to"ards 
the poles 

The polar rcg1ons ha\O a \Lry lo,v mean annual tcmpeta .. 
turo from 10 to 15 C and somctirncs Jo,,cr ln these 
reg1ons the rock scr1cs \\Jtb negatJ\O temperatures (pcrma 
frost) arc of co1lsJd~rnn1e tJJJckncs.s A temperature ol -3 7" C 
'vas recorded at n dcptl1 of nbout 275 metres 1n tho lo,\cr 
course of tho Ob Rt\cr In some places pcrmaftost reachcc; 
do\'n to a depth of tnoro thnn 600 metres 

'\1tcn '' c obscr\ o tho thermra I properties of tho upper Io, ols 
of tJ1e Carth \\C find lbat thcso ]o\e}s arc heated In Sum 
mer and cool 10 \\Inter tho temperature fiuctuat1ons. aro 
stronger n~ar the Carth s surfncc \vhcrc the) ~omctimcs arc 
as bagh ns100 C For cxnmplc 1n tho deserts of Centra.! As1a 
tho ~ummer t~mpcraturo of the heated so•l 18 h1gl1cr than 
70 C \\htlc trs \\Jntcr 1t falls to 30 Cor lol\cr Ho,\C\Cr 
,\ttb dcptl1 tltc temperature fluctunt1on.s decrease and nt n 
ccrtn1n depth tile) d1sappcnr enttrell Th1s 19 the 2.onc cf coo. 
st.ant annual tcmpcrntuns ln tbts zone the so1l t"C:mpcrtt 
tu~ Js cquaJ to tho mean annual tcmpcratun of the aJr on tho 
Earth s sur(D.CQ 0\ctl}tng th1!1 belt ts the bcl!otb~rnJal :ronc 
''lttth (Qnsl ts of strata of the Enrtb s crust thuL feel tho 1n 
Ducncc of rodJnnt cnerg) 



In var1ous places the zone of constant temperatures Js 
situated at dtfferont depths Thts depends on the extreme '\a l­
ues of the surface temperature and on the thcrmocond uctt v­
Ity of the rocks The more the temperature fluctuates and 
the h1gher the tbermoconductl,lty of the rocls the deeper 
IS the zone of constant. temperature s1tunted In some places 
th1s zone lies at a level of one or t\'O metres bela'' the 
Earth s surface and 1n the others at depths of o'er 40 me­
tres In Par1s for example 1t l1es at a depth of 28 metres, and 
1n h.1ro\ograd at a depth of 19 2 metres 

Belo'v the belt of constant temperatures 1s the geothermal 
t.one, v..h.e.re the temperature regularly r1ses and depends 
not on radiant energy but on heat from the 1ntcr1or of the 
Earth 

It ts no\V cons1dercd that th1s heat ts chtefly of radtoacti\e 
or1g1n ho\\ever from the standpoint of some cosmogoni­
cal hypotheses (those of Laplace Fesenko' and others) 1t 
may also he expla1ned as relict (residual) heat from the 
astral stage of tho Earth s development 

The rise of temperature w1th depth IS not the same at 
d1fi'er~nt po1nts ot the Earth In the regtons of a ttl"\ e or 
extinct ,olcanocs the temperature rtses \CIJ rap1dly 1 C 
''1th about e\ery 4 5 metres of depth In reg1ons remote 
from volcantc manifestations the temperature r1ses much 
slo\\cr, a\eragiDg 1° C ~1th e\efl 33 metres of depth Tho 
a\erage depth 1n metres Vl1th1n the Earth s ernst correspond ... 
1ng to an tncrease of one degree In temperature IS called tho 
geothennlc degree the tncrease In temperature 1n degrees per 
100 metres of depth 1s called the geotltennal gradtent 

Temperature rcad1ngs ba\e been taken 1n numerous deep 
boreholes D1ITcrcnt temperatures ba,e often been rccordcil 
at the same depth at 'ar1ous po1nts As an example here 
nro tho temperature readings from a deep borehole 1n the 
North Casptan regton 

at 500 metrcs--42 2° C 
" 11000 metres-55 2° C 
" 1 500 metrcs-69 9~ C 
" 2 000 metrcs-80 4° C 
• 2 500 metres-94 4° C 
• 3 000 metres- 108 3 C 



A temperature of 41 C l1ns been rcconled zn o deep bore 
l1olo 1n 1\losco'\ at 1 030 metres '' htlo 1 n tho '1c1 nit) of 
Tnsltkcnt n tcmpcraturo of 55 C l1ns been rccordetl at 000 
metres In some borcltolcs rrncl11 ng to a dcptl1 of tl1rcc 
k1lomctrcs nnd O\ cr n tcmpcrnltlrc of more tl1nn 100 C l1as 
been recorucd Tho gcotbcrmlC drgrro Jn t}Jn upper strata 
of the I:artl1 s crust tn tJ1o U S 1\ '1r1cs from 35 to 45 metres 
tn ''restcrn Dt1ropo from 28 to 3Q metres 111 the U S S R 
from n fo\\ metres (for C'tnmplc 1 n tho 1\IIncraln!J c \'od} 
nrca) to n ltundrcd metres Tl1o dlffcrcnccs tn tl1o geothermiC 
degree nrc cnuscd ll) tho follo\\Ing 

1) Tho d1ITercnt t}Icrmoconuucti' It) of rorls tl1c l11gher 
the thermocond uct1' It) of the rocks compostng tl1c Enrth s 
crust nrc a the smaller ts the gcoth~rm1c degree and 'ICC 
\Crsa 

2) The ll)'drochemtcal processes 10 tho rocb.s Ono of tlH~sc 
processes 1s tho IntcractlOD rcnctton hct,\ccn ''atcr nnd fer 
rous sulpl1Ides (for 1nstnncc p~ r•lc) '' h1ch liberates lnrga 
nmounts of heat 

Tho Interaction rcact1on bct\\CCn '\atcr nnd sulpl11dC's 
lS \\'ldesprcnd lfi rcgtons of OJ! nnu Coal fic}us bcCUUSC tho 
cia) s and limestones In tlicso rrg1ons 'er} often contntn 
largo quantitieS of ferrous sulphides 1n the~o nrcas tho 
geotl1ermic degree os n rule decreases accordingl) For 
C'\.ample 1n tl1o Groznl' oilficlds the geothcrm1c degree 
IS 20 25 metres and tn tho Baku otlhclds It IS 2d 28 
metres 

3) Tl1c cond1 t1ons 1n '\l11 ch rocks occur In folded bct.fdtng 
''here the beds d1p stccplJ. or are vertical the Increase 1n 

temperature ''1th depth IS much faster than In l1orizontal 
beddings Tl11s 1s due to tho nearness of the heat carrier beds 
to tho surface 

4) The action of ground ''atcrs Streams of J1ot subtcrra 
ncan ''atcr heat tho rocks and thcrebl' decrease the gco 
thermic degree cold streams reduce the temperature of reels 
C\eD at rclall\ ell great UcptliS 

5) The action of surface ''atcrs Ncar nn ocean or sea the 
gcotl1ermtc degree \\Ill be h1ghcr and on the continent far 
from bodt~s of '' atcr tt \\Ill be lo\,cr because huge masses 
of \\D.tcr IHl\C n cooltng effect on tho geothermal conditions 
of tba a rea 
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6) The concentration of radtonct1vo clements 1n rocks 
In areas Wl th a h1gh concentration of ra d1oaett' e c loments 
the heat liberated bv the deca·v of these elemtnts causes the 
gcotherm1c degree to drop 

In,estiga.ttonc; of geotl1crmttl condttions of tho Earth s 
1nter1or are of great practical1mportance The high tempera-­
tures must be taken 1nto account '\hen tunnels deep p1t 
shafts and other underground proJects are built In many 
cases In proJects tn' olvtng deep dr1 v1ng the temperature 
has to be Jo,,ered artinetally In other cases as 1n Italy 
tho heat of the Earth s 1nter1or (vapours thermal ~pr1ngs 
and so on) can be explo1ted commercially 

In,cst1gattons of tho tcmperdture conditton~ 1n tho Larth s 
1nter1or are of great theoretical Interest as ''ell 

Pro' 1dcd tho geothermic degree of 33 metres acceptcu 
for the upper parts of the crust ts ma1nta1ncd '' e can com 
putc the temperature 1n deeper zones at 33 kilometres the 
tempcrdturc must be 1 000 C, at 50 kilometres··.w1 500 C 
and at 66 k1lomctrcs-2 000 C 

It IS kno,,n that very many minerals and rocks melt at 
such temperatures For 1nstance quartz molts :at 1. 700° C 
fclspars at 1 500 C ollvinc d1ahnso at 1 150° C and flo\\S 
freely at 1 225 ° C basalt flo,,s at 1 170 C Consequently 
at normal pressure all -rocks ~b.ould he. 1n a molten state 1n 
tho IO\\er part. of tho :Carth s crust But the h1gh pressure 
(11 000 !4 000 otm) at theso d~ptl1s keeps the rocls 10 a soltd 
fllasttc stato 

Bclo'v the crust tho geothermic degree should 1ncrcaso 
sl1arpl~ bccauso othcr'v1so tho tcmpf'rature tn the centre of 
tho Larth '' ould be 193 060 C and the substance of the con 
nnd m"lntlc '\auld bo 1n a l1qu1d stato Under theso condt .... 
t1ons tho rcla.tt\cl~ tl11n crust could not rLma1n sol1d and 
\\Ould melt ns ''ell lienee 1t may be Inferred that the 
temperatura 1n the bo"cls of the Earth 1s not h1gl1cr thnn 
3 500a-4 000 C Taktng 1nto con~tderation that thero IS a 
prLssurc of 4 103 450 atm tn tl1c Earth s core 1t IS ns~nmcd 
thnt tl1o stthstnnce compastng the coro and that of tba mantle 
1s 1n n soltd plastiC state This conforms ''1th nstronoml­
cal nnd OOlsmologlca\ data 

1\t present 1t 1s constdcrcd thnt tl1c beat ''armtng the so ltd 
trust comes from tho decal of radtoactnc cltmcnts Tho gco 



logical processes In the SlOIIc and pnrtzall3- 1n the upper 
In} ers of thts zone urc to n large C"tton t. nssoc1a ted '' 1 th th1 s 
bent The substance \Vhtch melts untlcr the oct1on of rnd1onc 
t1ve elements thus 1ncrctlses 1n volumo and th1s ma} result 
ID an cruptton of tho lJquid mass 

OUTJ:R G:COSPIIERJ:S OF TilE EARTJI 

Among tho outer gcosphercs of tho Enrth there are three 
shells a) a ''a tcr en' elo pc (tho h) drosphcro) '' h1 ch J s rep­
resented by tho oceans., seas ra' ers and ground ''a tors 
b) a gaseous or a1r en, elope (tho atmosphere) and c) a sphere 
of ltfc (the biosphere) ,\h1ch 15 closcl} connected ''1th the 
a tmospl1erc the h) d rasp here and the l1 thosphe rc All these 
spheres arc of great gcologtcal Significance bccauso they 
arc very mob1lc and play a h1g role 10 tho transformnttons 
that take place 1n the Earth s crust 

THE ATPtiOSPIICRE 

Compositton and Thzckness of the Atmosphere 
The atmosphtre 1s tho outermost sphero of our planet N1t 
rogen (78 OJ per cent) O"CJ gon (20 99 per cent) argon (0 94 
per cant) and carbon dioxide (0 03 per cent) predominate tn 
tho ]o,,cr ln}t.rs of tl1o atmosphere the sharo of all tho other 
gases comes to onl1 0 01 per cent 

Tho surfaco of tho l1 thospbero and h) drosphcre 1 s tho 
lo,\er boundary of tho atmosphere But for prac.ttcal purposes 
tho atmosphere e-,.::tcnds for a certain dtstanco Into the l1tho 
sphere filltng alltts hollov"s '' 1th the result that the compo 
s1t1on of the subsurface a1r chnnbos considerably For exam 
ple 1n tho upper so1l the amount of cnrbon dtox1de r1ses to 
0 G per cent \Vtth depth the amount of OXJ.gen decreases 
sharply, and there IS pra ct1 cally no OXj gon 1 n a free state at 
a depth of about half a kllomctre 

It 1s harder to define tho upper boundary of the ntmospboro 
SDme scJentJsts bell Ole the atmosphere extends for 1 000 k1l 
omctrcs In the upper ln) crs It gradually rarefies and mer 
gcs \\Ith Interplanetary space th1s 1s l\hat makes 1t d1ffi 
cult to define 1ts upper boundary 



Ccrtatn natu.r1.l phenomena enable us to mnkc a fa1r Judg ... 
ment of the altttudc of the atmosphere and of the propertieS 
of tts uppor la) ers Stl\ery clouds, ''htch c=:ccm to consist 
of fine lumtncsccnt fibres attracted the attention of Investi­
gators long ago Theso clouds nre so transparent that the 
stars arc 'ISiblo through them It has been cstabltsbed that 
they lte at an altttude of 70 90 ltlomctrcs and tra,el at a 
veloc1 ty of 40 80 metres per second 

\Vh1te hot meteors JndJcnte that the ntmosphero reaches 
an altitude of 160 180 kilometres Auroral displays are 
dtspersed ltghts so fatnt as to be Invistble by moonlight 
They are generally seen at a he1ght of 100 ktlometres~ and 
sometimes even as htgh as 1 000 k1lometres 

The atmospboro IS d1' 1dcd Into three coneentrte shells 
1) the troposphere \Vh1ch adJOins tho lt thosphcre 2) the strat 
osphere 'vhtch follo\\S the troposphere and 3) the Iono­
sphere the upper shell 

The Tropospllere About 70 75 per cent of the atmo~pbere 
falls to the share of the troposphere 1ts averago altitude 
IS presumed to bo ten l1lometres But because of the 
Earth s rotation and centr1fugal force 1t ts 16 kilometres 
high at the equator and up to 10 1..tlometres htgh over the 
poles 

The features of the troposphere are 1) changeable moisture 
content 2) extreme mobi1Jty of the a1r 1n hor1aontaJ and 
vcrtteal dtrecttons somettmes accompanied by a vcrt1cal 
motton (cyclones nnd anttcyclones). 3) a mean temperature 
drop of 0 6° C per 100 kilometres of alt1tudo from the sur 
face of the hydrosphere or ltthospbore In th1s connect ton at 
the outer ltmtt of the troposphere the tempcraturo over the 
equator falls to 80° C and the mean temperature 1n th1s 
part o! the troposphere 1s -55 C 

Ow1ng to 1ts changeable content the moisture condenses 
to the state of clouds, ratn or sno'v or IS present tn the trop 
osphere 1n m1nute quant1t1es fhe max1mum amount of 
vaporous mo1sture a cubtc metro of a1r can actually conta1n 
depends on 1ts temperature For 1nstance at 0° C a cubtc 
metre of a1r can contain 4 5 grams of "'ater vapour, and at 
25 C up to 23 grams 

Among the a1r gases oxygen ts of spec•al Importance 
Tho OXJ gcn nttrogcn ratto 1n the troposphere 1s most fa-
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vournble for orgnntc processes \Vhon tl1cro JS an 1ncroase 
of OX) gcn 1n the atr tho ox1datton of organ1c matter 1n an 
org1.n1sm proceeds '" 1 tit greater Intcnsit) '' l1cn the 
OXjgcn content dccn.ascs tl1o process of O"<tdnt1on slo,,s 
do''" 

Changes of tho nttrogen content In the a1r has no 1mportnnt 
bcar1 ng on orgn n 1 c processes In the u ppcr I O} crs of the at­
mospltcro tl1o amount of nltrogcn tncrcnsc!l and that of OX) 
gon decreases 

Tl1c content of carbon dto"tillc ID the n1r IS more change 
able than tl1at of OX}gon and n1trogcn Carbon dioXIde accu 
mulatcs 1n the a1r as a result of tho O"X!tlation processes In 
the outer spheres of the Earth and 1n tho soil nnd also through 
emiSSion from 'olea noes mineral sprtngs anll so on 
Among air gases carbon u1oxtdc ts tl1e hca\ lest and there IS 
therefore more of It In tho lol\Cr layers of the troposphere 
Th1~ gas 1s une\ cnl3' dtstr1butcd ID the 1lorizontal drrcct1on 
as \\ell For example there 1s almost t'\lCO ns much of It 
o\er \olcan1c rcg1ons to,,ns and Industrial d1str1cts thnn 
O\et occan'.i and tho polar reg1ons Carbon dtox1dc 1s ,cry 
Important 1t IS the baste material for the nutr1t1on of plants 
1\forco\er 1t 1s ~ thermal tnsulntor ''h1ch tends to prLvcnt 
the Earth s heat from bciDg radiated Into outer space It 1s 
btlie" cd tl1at If carbon dJO~Idc '' cro to disappear from tl1c 
troposphere tho mean annual temperature of the a1r o\'cr the 
Eartl1 \\auld drop by 21 C from tho present 14 C and tl1at 
1f tl1c amount of carbon dtO"t:Ide \\ere to double the mean tom 
perature '\auld rtsc bj 4 C 

The troposphere conta1ns a largo amount of dust On 
tl1e a' cragc tl1crc arc 250 000 of dust It ke particles 1 n a cu 
btc centimetre of air Du&::.t rises ''hen tltc Wind blo,\s dry 
parttcles of m1neral matter and sea spra} from the surface 
of tho Earth 1t also forms 1n the procc~s of the combus 
lton of \\ood coal and meteorites and dur1ng the crupt1on 
of 'alcanocs Spores bactcrta and other Dl.Inutc organisms 
ore often cssent1al clements of atmospheric dust Tho nmount 
of dust 1n the tropospbcro 1s natural!) much greater O\Cr 
continents than o\ cr ~cas 1t 1s greater o\cr nr1d reg1ons 
than O\ er the rcg1ons \\ 1tl1 abundant mo1sturc ant! dense vcgo 
tnt1011 tl1o amount of dust O\Cr arcns co,crcd by sno\V 
drops to a m1n1mum Duc:t d1ms tho troposphere and sJ1ght 
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1~ '' caJ...cns tl1o 1 nsolat1on of tl1c EnrLl1's surface 1tltnutL 
dust parttclcs aro poss1blj nuclt1, or centres nround \\htch 
\\ater \apour condenses to produce clouds fog, frost do'' t 

ra1 n snow and hatl 
The Stratosphere Tho troposphere ts cn,clopcd by tho 

stratospl1crc Bct,,cen theso t\\O shell" tl1cro IS a ono or t'' o 
k1lomctro th1ck tntcrmcdiato la}Cr ''lliC}l IS somcttmcs 
called the substratosphcrc 'rho stratospbeY() d1filrs tram tl1o 
troposphr-ro 1n that ln It '\o obscr\C atr masses mov1ng C'\: 
clusl\cly 1n a 1Ior17ontnl dtrectton Stratospltcrtc n1r l1as 
zero humidtt} and consequently thoro nro no clouds 
As. far as the temperature condltlons tn the. stratosphere arc 
concernedf a constant temperature 1s observed up to an 
altitude of about 25 k1lomctrcs above tbts zono tho tempera­
ture continuously rtSLS At 10 25 kilometres 1t IS approxt­
ma.tcly 25° c. at40 ktlometrcs-0°, and at 70 ltlomctres­
about 35" C 

It ts belteved that In the strato5pbcrc,. nt an nlt1tudo 
of 15 to 35 ktlomctres there ts a coneentratton of ozono 
a 'ery SDlall amount of \\htch 1s found tn the troposphere 
The ma]o'~' po:rl1on of ozona tu\lghly 30 per cont 1s eoncen .... 
trated 1n the stratosphere at an alt1tudo of 25 to 30 l1lo ... 
mPtres 

The Ionosphere The 1onosphPre bcg1ns at an alt1tudc of 
75 80 k•Iometres After study1ng the spectre of the Polar 
Ltghts tbe l1ght of meteorites passing through the 1ono 
sphere and other phenomcnat sc1ent1sts have tome to the 
concluston that due to the aetton of ultra Vtolet. and cosmic 
rays tl1c a1r tn these layers of tl1o atmosphere JS lODised 
The more thn nrr 1s ton1scd tho greater 1s 1ts clcctr1cal con­
ductlvitJ Th~ degree of 10n1satton 1s d1ITerent In the var1ous 
levels of the Ionosphere Two 1on1sat•on ma.x1ma aro 1dent1 
llPd 1) the hennelly-Hcavys1de layer at an alt1tudc of 100 
ktlometrcs and 2) the Atrplcton layer at an alt1tude of 250 
k1lometres 

The processes 1 n the stratosphero and tono~pl1cre ha, t 
been \ery tnadequdtely stud1ed, hut there arc grounds for 
belie\ 1ng that they strongly tnflucnce torrestr1al magne ... 
t1sm the Ea:rth s elc~t.r1e field and so on A s\Judy of the 
htgh I~yors of tho atmosphere 1s therefore of parttcular 1n 
l(..rest itom tb.~ g-eophys1cal po1nt. oi "'\'le'v 
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In addition to oxlgen ond nttrogtn, a constdcrable nmount 
of heltum appears 1n the composition of the otmosphcre 
bcgtnn1ng nt an alt1tudc of 75 k1lometrcs A great amount 
of hydrogen IS found In tho }c, cl begtnn1ng at an altitude of 
90 kilometres 'vhtlo 1n the lo\el hcgtnntng nt an nltttude of 
about 140 ktlomctrcs tho atmosphere conststs cot1rcly of 
he1Jum and h1drogen The hydrogen content Jn the atmo .. 
sphere Increases to 90 92 per cent nt an al~ttudo of about 
500 kilometres 

Dynamics of the Troposphere As a result of tho con 
t1nuous movement of a1r In the troposphere the rclatt\O com 
pos1 tion of gases In 1t IS nearly constant Tb1s cont1 nuous rna'\ c 
mont IS duo to the different tcmpcraturo and atmospher1c 
pressure at varioUS potnts of tho Earth s surface caused by 
solar radlatton 

The transformation of radiant soinr cnerg) Into thermal 
encrg'} ts n \ClJ complex process The most Important fac­
tor InfluenCing thermal processes on tho Earth JS the angle 
of InCidence of the solar rays 1n d1ffercnt parts of the Earth s 
surface Th1s angle depends on tho relief of the Barth s sur 
face and on the seasonal changes The dtstrJbution of solar 
l-Dcrgy ts furtbor compltcated by the fact that 1t tal.es place 
not only on the Earth s surface but also \\Ilhln the tropo 
sphere 'vhosc thermal conductivlty ts as -ne now kno'' 10 

constant 
AJr mot. cmcnt ]~.ads to n heat C'Yc.b.ango bet \.\een the 

b1gh and lo'' latitudes of the Earth and bet,\cen the u1ffer 
ent layerS of the troposphere Gencrallj a1r moves from 
high to lo'v pressure r~glons se~eral factors aro respon 
stble for atmospheric pressure "ar1at1ons on the Larth and 
for the dJrcct1on tn l\b1ch a1r (l\Inds) mo\cs 

Tho prlDCipal factor IS the unequal heat1ng of the Earth s 
surface and the tra.nsf~r of th1s heat to the a1r Heat 
cause~ a1r to expand ma:ltnt:" It l1ghter and thus gl\IDg 
1t a tendency to rJso o'er tho heated surface of tho 
Earth 

But ha\ tn~ rJsen to a b1gh altttudo 1n ono area Jt. P' ~ 1
'"" 1 

.o I h , Iy cools and groU:s hca'\tCr e rcsu t t at 1t 
mo\e bach. tovtards the s Earth Tb1s 
to ctrcula ti on " ~t at r s wh1le c 
sccnds to the E t r1zontal m 



wh1ch \\C call a "~nd As \\e ha' e already stated atr 
mo,es [rom rcgtons of h1gh pressure to regtons of lo'\\ pres 
sure and the greater the d1fference 1n prc~ure the faster 
thts mo,emcnL becomes At ttmes tho aar mo,es horizontally 
o' cr large terr1torieS 

Thero are \\Inds of a planetary scale "h1ch man1fest them-­
sc[,es o\cr vast areas of the Earth and are chard.cter1sed ei-­
ther by a constancy oi dtrect.1on (trade \\lnds) or by drrec .. 
ttons that change , .. ,th the season (monsoons) and local ''""~nds 
blo,,Ing over ltmttcd areas -the Central As1an Afghan 
and the North Caucasian Bora" for example 

Flg 3 Diagram or a cyclone lD the 
Northern IIem.tsphere 

l\loreo, er '"1nds may 
orlglnatc 1n different 
areas a'l. a result of a 
temporary change 1n 
atmospheric cond1 t1 ons 

Cyclones and Antley 
clones There are t'"o 
pnnc1 pal types of the 
a1r mo,ements cyclontc 
and ant1 cyc.lo n1c 

Cyclones 1.re masses of 
a1r Circulating (In the 
Northern Hemtsphere) 10 
a counter clock\\ 1se dt 
rettton the m1n1mum a1r 
pressure ts observed 111 
the centro of these 
rotating masses of a1r 
(Ftg 3) Anticyclones 

are masses of atr Circulattng {1n the Northern Hemisphere) 
In a cioekw1so d1rcct1on ''1th the h1ghest a1r pressure tn 
their centre In a mass of atr mov1ng tn a cvclon1C pat 
tern the atmos'Phcrtc pressure thus gradually 1ncrea'-les ftonl 
the centre to\\ards the pertphery 'vh1le tn ant1cyclontc atr 
masses the pressure gradually drops from the centre to,,ards 
the per1 pbery 

A cyclone generally moves at a htgh progresstve speed 
oi ro'f~ral score of met/res per ~cond As a cyclone 'v1th a 
progress1ve speed of 70 mt.tre5 per second (or 260 l1lome 
trcs per hour) passes over tho ~ea 1t churns up the \vater and 
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l<'nt1 ~prn) ~ rron1 It \\It h tl1r rr~u It tl1nt n rutntl ns: pi J In r 
or \\nIt r rornl~ 1 n Ill£' t<'nl n or I Ill' hlO\ i h' C.) r Jnnt Jlrrn U~{' 
0 r I h l i r \ ('f) h i J: h ' ('I nr ll,) r) r r 0 n r~ s;: I ' [' r i ~f' t 0 ,, ll \ r1 

n nrJ curr£tnl .. t l1nt nt I I rtlf ~ rniPit J:n nt dr~t rurt Jon f nr txn m 
pi£' n-; a n ~ u 1 t (}I tin r) r Inn I r n ( t I ' i l) or n I r n1 n ~ ~ ,.. I n n '' 1 ~ t 
rrl) tl in clau 11 l hrn J1n \ ft' It< rn tl i 11 1~t ruu"' fioo1l ~ In I bl' 
nloUllt o( the- ri \ l'r l\t \ n \\ htrh d mIn~ f lllO lltl (,u rr or } J n 
In rul ~~ nrt. J iU7 llu~ ) t nr J~niJr~n~l \\11' lourulr•l tlu' \\nlrr 
in t ~~~ l\ f'\ n hnq ra~t 11 n bo\ (1 1 t ~ nnrn•, I I<'\ r"l rnon l hn n 100 
t i rnrs J "l'ftrin II) IJI ~ nnotl ~ '' t n n conlr1l in 1777 (\\ l1rn th~ 
\\ n ll r ro~ 1• 1 1 I rnt t na-..) 111 I&~ 1 (3 ~~ rn rt n •) n n~ I 1 n I CJ2 • 
(3 &2 n1~t n ~> J\t l h( ~(1 It'\ (')1 t het '' nl~r flootlrtl up to lJ5 
squ~rt' kJJon1rl~~ of th~ rll) 

Clth(tr ltttnrnl nn n4 lln\ o nl~o Ju:~c-n tin.' tliCCllo of tlt'\nl\l:tt 
I nR floods ~nn~ •I b) t) l Jonr"~ In I (1._.1~ tho to'' n o[ S1 nta 
Cruz Cu b1 n n, ~!l' "' ro )1. cJ J,l ~~~~"" n '' i 1' ~~~d '' n, C"'.! n 111 l nrn r 
I) 2 q(){) pcopJ~ pt r• ~Jn.\tl In 1 iJi 1 n the lln) ol llcngnl 
n flood t n usetl 1 n l he moutl1 of l ho II uglt ll i \ rr }1) 

gal(-t \\ n' (S L<tok II toiJ or 3 ()()() II' ~s 0\ er r.o (}JOUC1Rd 

I 1\ t'S \\ rn.. lost 111 t h~ flood ()l t SG-1 1 n l ho !1llle nn. n ~ lootl.s 
of th1s nnt uro on... ('~P<'clnll) tc-rr1 f) 1 ng \\ ltrn tho \\ nl~r 
rno' 1 ng \\ • ria tho C)Lionc gets 1nlo o hn) .n tt \ rr n1out la or 
sam~ otllcr nnrro\\ ~pnce 

Trop1cn l C) C'"lones lltt\ o bern knon r• to t rn n~JJort rntlil'r 
l1cn" y oLJccts O\ t-r con.sldern blo tlJstn ncrs tor e'tnntplt J n 
1831 n p1ccc o[ lent I \\ (l1gh1ng nbout tJJ kJio~r1n1s \\ ns t rnns 
ported on 11nr1Jntlos 0\Cr n t.lrstnnco or l•nlf n kllomctn In 
1780 on the satno tslnnd n stono fort \\ ns d~c:.trol rcl l)} n 
lturrJcano nntl Itt n \ l c1nnons '' ero c1rrtNI dozens nf mel rrs 
Ca.st.s l1n' o been ncord~d or Jondctl rn1l \\D) rnrs IJc-1 ng tle 
ra1led !J) C} clones and shlJlS torn from nnrl1or nntl rast 
osl•oro 

I 11 temperate lnt 1tutlcs Cj clones rna\ o at n l~ssc-r spcctl 
but 1n tltcso orcns os \\ell tbc1r forco ts often consu.lcrtlblo 
A untquo rn1n, of slllcr co1ns m1ntcc.I 1n tlto sJ'ttecnth 
so\cntccnth ccntur)' fell from tho sk) dur1ng a \ Jolcnt tl1un 
dcr storm nccompantcd by hurr1cnnc \\ 10dfiJ and hn1l In tho 
VlCintl) of ~lcshchern 'Ill age Gorly Rcg1on tltc U S S R 
Tho C) clone must hn \ c rooted out n trcn su rc tro\ o nnd 
carrJcd tl\\ll.) tho l1glJt sJJ,er co1m (tbJs ca~e l1as bren de 
scrtbcd by !:, h.olesntl) 
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Preclp&tatlon Before \\atcr 'a pours can condense 1n tl1c 
atmospheret they require tho cO~bpon(ling humtdtty (100 
per cent} and the presence of condensation nuclct fhese 
nucle1 are particles of dust floating 1n tl1o troposphere 
\Vhen moisture condenses clouds npJ1Car In the atmosphere, 
and any dtsturbanco tn the cquiltbrtum of the moisture 10 
the clouds leads to preci prtation 1n \ ar1ous forms 

The amount of prccip1tat1oD for an~ particular pertod 
of ttme 1s measured bl tho I a~ er ( 1 n milltmctrcs) of ''a tcr, 
\Vh1cll "auld ha' e formed on tho Earth s surface 1f tho ''a 
tcr bad not 'teeped Into tho so1l, C\ nporatt.d or no,vcd Into 
a Jo,,er-lllDg area 1\losco'" has a mean annual precipitation 
of 586 m1ll1metres 

Precipltation JS distributed '\etj une,cnll over the 
Earth as a \\hole In some regtons 1t IS lnsigntficant, In the 
deserts around the Aral Sea, for cxamplot tho annual prectp­
ttatlon sometimes approaches zero_ and the total prectp1-
tation O\era per1od of many lears does not exceed 150 200 
mtllimetrcs a year In other places precipitation IS more 
abundant, 1n the Batum1 area the Caucasus for Instance 
tho mean annual prccipltation reaches 2~400 mm 

Ohscr' at1ons sho'' that prLClpltatton depends first and 
foremost on the proximlt) of the area cont..erned to the sea 
Some maritime regions hov" e'\ er ha' o 'cry ltttle prectpi 
tat1on as for example tho Thar Desert In lnd1a o\er 
\Vh1ch masses of a•r S\\ecp 'v1thout rainfall, but on reaching 
the \V1nd \Yard slopes of the H1malal a foothtlls the"! cau~e 
enormous precipitation (12 500 millJmetrc~ a } enr) 

lVeather and Cltmate In e,ery area and at any part1c 
ular moment the a1r ttmperature Its pressure relattvo 
and absolute humtdity* t cloudiness and so on change rath­
er qutclll' Th1s changeable state of the meteorologtcnl 
elements of the atmosphere IS kno'' n as '' eather 

The \\oeathcr 1s the state of cl1matic factors 1n a gtven 
area and at a g1' en moment At one and the same moment 

• Tbe absolute humtdlty 1s tho mass of water vapour 1n s. cubic 
metre or air It lS measured ln gtams or accordlng to the cla~llCLLy 
of "ater vapour In a mtllmetre of llg pressure 

Relall\e humldlty 1s the ra.t1o o( the actual amount ot water -va 
pour 1n n gr\en 'olumc of a1r to the amount wb1cb 'vould be present 1( 
Jbe »2r 11-ero lo be sat Ul'll. ted wttll aut any c.iia ngo 1 n tem perat urc 
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tho 'veatltcr rna) :Uo dtffcrcnt 1n vnr1ous places In ono and 
the c:nmo area tho \\Catl1cr often c11nngcs 10 the course of 
a fc'v )tours 

In contrnst to tillS the cbnnge Ill tllo fi\Crago state or 
tile cltmntic factors over maD) l cars IS en lied the clJmatl­
TIIo climato IS moro constant tl1an the ''cat her but o\Cr 
a long period of t•mc It nlso undergoes 'nr1attons 

Tho princtpJl factors controlling tho cltmate ore tl1o 
gcographtc Jnt1tudo tl1o distr1button of lnnd and '"atcr 
the topograpli) characteristics of tile prcva1ltng ntr mass 
tho vegctati' o cover and lastly tho act1 vlLJ. of man 'v11o 
remakes the 'cgetat1' e cover nnd soils butlds b1g ctttcs 
''atcr rcservotrs and so on 

In tho U S S R the climate of tho territories 1n the 
temperate and polar latitudes may be grouped as follo\\S 

1 Sen polnr a1r ''hose features are a h1gh ltumidtt) 
tho 'vhoJe lear round rclall\ely J1ea\ y prec1p1tat1on and 
e'en dtstrihution of th1s prc..c1 p1tat ton 1 be mean annunl 
temperature IS approximately 7 10 C \\Ith an annual ompl1 
tude of 6 14 C Tho ''1ntcr 1s rclatt\ely '\arm and tho sum 
mer Is cool Th ts cl1 ma t1c zone cmb rac(,s tho north ''estern end 
of the Soviet Un1on (h.oJa Pen1nsula and the 1\Iurmansh. coast) 

2 Transformtng sea polar ntr \vh1ch 1s also character 
1scd b) relata\eJy heavy precipitation the lvholo year 
round but 'vtth a notable Increase 10 the month of July Tho 
mean annual temperature Is 9 C 'v1th an annual ampl1tudo 
of about 20 C The entire ''estern half of the European part 
of the U S S R l1es 1n th1s cl1mattc zone 

3 Cont1nental polar aJr TJ1e mc1n annual temperature 
1s about 1 C 'v1th an annual amplitude of 39Q C The 'v1nter 
1S se" ert..- and the summer hot there ts little precipitation • 
the maXImum be1ng confined to the summer months Th1s 
cltmatc ts typ1cal for tl1o maJOr part of tho U S S R 

4 1-.lonsoon climate of tho temperate latitudes Tbts 
cl1matc pre\ a1ls 1n the Far East lts features arc cold con 
t1ncntal polar atr tn ''Inter J.nd sea polar atr 1n summer 
Tho summers are ratny and moderately l\arm Tho mean 
annual temperature IS 0 2 C \VIth an annual amplttude of 
25 34 c 

5 Subpolar zone Here polar a1r prc\ails tn .summer 
and Arctic a1r tn \VIntcr 
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G Polar zone ArctiC n1r predominates all tho year round 
Ann11al prcclpttntion docs not o"tceed 200 300 millimctrcs 

Tho cltmate as all phenomena 1n nature, grauually 
changes It has so to say 1ts o'vn htstoryt 'vl1Ich IS linked 
up '' tth the h1story of our planet There are many facts to 
shO\V that the cltmato changes sharply In tho us s n 
such facts hn' e been collected by 1\1 Bogolepov u ho sho'' ed 
tho rh)tl1m1c character of the changes from damp to 
dr~ per1ods and vtce 'ersa There have been VerJ sharp 
changes In the cltmate of the Arcttc 1n the past. 15 20 l cars 
The mean annual temperature durtng thts period rose 1n 
Sp1tsbergen by 2 C, 1n Greenland by ~ 5° C,. 1n Franz Josef 
Land by 3 5 C ''htle helo\V the Arcttc 1t roso 1n (Lenin 
grad for 1nstance) by only 1° C The \veather gre'' warmer 
ch1efly through a ri~e of '\Inter and autumn tcmperat11res 
the spring and summer temperatures d1d not Increase ns 
ffil1Ch 

Interesting temperature changes '"ere record~d d ur1ng 
the dr1fts of the Fram (1894 95) and the Sedov (1938 39) 
In the courhe of a pert ad of 44 1 ears the mean annual tern 
perature In the Barents Sea rose hJ 6° C Th1s brought about 
c~sent1al changes 1n tho outlines of some Islands r or exam­
ple Vasllie\sky Island 1n the Laptcv Sea constst1ng of 
frozen sandy argillaceous rocks and marked on tho map 
of 1912 molted a\val and by 1936 only a sand hank rcmatned 
In 1ts place Some of the adJacent Islands gre'v shorter 
Semeno\sky Island ''h1ch ''as 15 ltlometres long tn 1823~ 
shortened do,\n to five h.1lometres by 1912 and to t'"O kilo 
metres by 1936 The rtse 10 temperature also affected rna 
rtno fauna and flora For Instanco during th1s per1od cod 
appeaTed ior the nr~t t1me 1n commercial quantitieS oii the 
coast of Spttsbcrgen and Nor,\ay 

Foss1l soils tnd1cate that tbero have been climatic changes 
tn tho geological rast Tlte tropical lateritiC SOliS of the 
Amur rcg1on O\er ''h1ch l10 podsoltc and boggj so1ls that 
formed dur1ng the present cold cl1mate are an example 
Climatic conditions lea\e their mark on tho rel1ef as Vvell 
rar lnslance an lndtcatlon oi the former glaciation of an 
area lS tho pattern of the valle)s 1n tt roches moutonnees 
sheep back rocls and oth.ct (small) [arms. o{ telvcf Vtb..tJ.oo 
or1g1n Is due to the act1on of Inland tee. also exemplify this 
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1\nltnn I nn' I p Inn I r~~,~~~~ n l .. t, lllu t rntl' tl1(l nnt u "-' of 
t l1~ r l1tnnl C' Tlu n rnn In~ .,r 1 oJllnr nut l n r l1ornh~n m an I 
nnk hn\t I r<'ll itlc nttn~'tl In nnclrr1l •lrpn...-ll~ un lb£' north 
~horr of II If' 1\rn I ~~ n 1 ht~f" pi 1nt ~ "h lrh rou II 11ot hn \ r 
c xt~INI in tlt 'rt rnJ1t)JifnJ1~ llui.nl nul 11, 1J1r n'lluro of 
I h(\ I on "l ~ j 11 l hI, f11:1Utl in nnr irnl t I mr~ nlf'" Ju nlp<'r 
~~ t hl oil I) rnua '"" t :RrU\\ i Ill,! in r n~ nlnn I l041n) ljut rnon 
tl1nn .!S ~r~l("lt-. ot l 1 rf iniJ r•1nnt ~ lnc-lu JJn~ lJ' nfJ r n~c 
C) pn' ~... nnfl tiC'r It I unu..._ ln. t 1 ( hn1 t ~ rnns;:nnl IZ'4 o:a.l1 
t1111l nt}u r "Pf'rl(•" uf tla•mtOJlhihc (lft1n! .. ) IJR\l' bL'<"Il ifl~ ntl 
fi~cl n ruou~ fo~fllll tl hln In~ J brnn011hllic I'Janl 1 (hn) t~ 
nlnJ:nnl• n~ n n~l n on) hn \ t n 1-o I}~"" rou n I in th"' 1 rrtl.afJ 
nnd ~ nnd '"n1l t ot1r~ nf l hr nn n an.1nll I \lo•ro'' 

I n tl) ti1P ror k ~t n1rl nn. i llu~trnt~tt lilt' c l1rnret ic con 
dJllullC\ ur l ht n nlot (' s:rolnJ:IC" n I (lR ~t \\ c lnn,.. tl "hole 
~tlC''4 of dl (104111-t thnt nn 1) plC4l or lilt' f'l'S:IOO~ rnlltr:Jcrtl 
I ~ l l t J r • t 11 J l' n t n I ~I lt i n t 1 n n f, > r ~ 1: n n 1 1 •1 l" l to 1al t I r r r In ) '' h I c 11 
rr pre (.. Ill ~ g I n ( I n I Ill ' J r1.1 (1 ~ ( r l' po"' II " \ n r \ ( tl r l.n) ,.. 0 u l \\ 3 tr:. b 
~ntu1 ~ n 1ul '~U un" In •1t ( rt n ~:•one& '' l' fin1l roc.~ '' tl \l. n 
~ur!nro runll IIJ: ur "d l (. rl \a rnl~ll.. eo, Iii\ nrt.. o.n lntl&ratJon 
of n '' nr1n nntl J1umltl L I arnnl£' 

L NJ In g- 1 t" t II u ~ h a\ co n t tl u.' 1 r t Ia "p o"' n 1 I oct! ll1 n t g 1 \ c 
thtnt ttn ldC"R or tlu .. clllllOlC"~ of thl' grolog1rnl rn.st 

T II I J I' I J ll 0 ~ I J II Ill 

I an( I n ntl ~ens nro tl1~tr1hul~tl , tr) lrrt'gu1orl) on tho 
.Cnrlh s ~urfn.l o 1lJo surfnco of our pJ.nnrt Jan-, a total oren 
of about JJO 000 OOU squnrL l1tontrtrcs o( \\ l11fl1 301 000 000 
bquoro l1lon1rlrl"' (71 Jl~r c~nt) on occuplC"tl b) ~cas nntl 
140 000 000 .,quare- kllont('lft'S (2(1 Jll r t(. nt) h} lnnd T.lJo 
\\cttcr nr~n 1"1 thu~ about 2 5 t1n1e'1 luggLr thnn tho lnnd 
oren Ilo'' c\ l r 1t ~houltl Lo iJornc 1 n n1111d thnt l bo R\ erd.go 
tl11Ckncss of the l1) d ro~phcro 1 n Lontpart~on '' ttl1 tl1o th1cl 
ness of l h c l • tl1o~ ph Pre nntl 1.1ll tlao ntoro J ts ' olu mo 1 n 
com partson '' 1th tho 'olumo of tho '' l1olo plnnrt nro ex 
trcJncl) small Tl1c n \ern go d~pth of tllo ocean IS about 3 7 l1l 

• !\I oro d ctn tied ln!orn1nt I on on gl.nc 1nl dcpos 1l s cnn bo found Jn 
lho cha ptcr Snow and I t:t as Geologica I Agtnt.s: 
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ometrest \\htch 1s equal to about 1 1,600 of tho mean ter­
restrial rad1us 't\h1le the ratto of the \olume of \\nter tn 
the ocean to the '\Olume of tbc planet as a ,,bole IS appro"'t. ... 
1matell 1 8 000 

Land 1s concentrated mntnly In the Northern Hcmtsphere, 
''here 1t occupies 39 per cent of the surface 1n tho South.-. 
ern Hemtsphero only 19 per cent of the surface IS occuptcd 
by land Thts distribution of land and seas has brought a 
number oi vttally 1mportant: factors to the fore, one oi 
them 1s the cltmattc character1sttc of the continents 

TJle lVorld Ocean and Its Dltlslons The ''ater surface 
oi our planet called tho ocean1c. sutfaee, lS generally con­
Sidered as a common surface Y l\1 ShoJ...alsky named 1t the 
'''orld Ocean In the \Vorld Ocean ''e can 1dcnt1fy separate 
parts each of ''hl~h has, to some degree, 1ts O\'\U 'vater tem­
perature sal1n1ty, sea currents and cond1t1ons of glacta­
tiOn Taktng these features Jnto consideration 'va distln­
gutsh In the \Votld Ocean the Atlanttc Ocean the Pactfic 
(or Great) Ocean and tho Indian Ocean 

The Atlantic Ocean ''1th all Its seas occuptcs an area of 
93,400 000 square k1lometres It Is bordered 1n the east by 
the coasts of Europe and Afr1ca, In the west by the coast of 
Amertca and In the south by the coast of the Antarctic con­
ttnent 'V1th1n the ''ater surfacct the boundaries of the At­
lantic Ocean are defined by the mer1d1an of Cape Horn 1n 
tho \\est and by the mertdtan of Cape Agulhas In tho east 

The Pacific Ocean has an area of 179 700 000 square 
l1lometres ln tl1e east 1t Is bordered bj the coast of Amcr 
1ca and b:,. the mer1d1an of Cape Horn 1n the south by 
the Antaret1e cont1ncnt and 1n the ''est by the coast of 
Asta Along the ltne formed h} Sumatra and the Islands 
located farther south the boundar1es of the Pac1fic and 
lnd1arr oceans aro contiguous 

The Indtan Otean oeeup1es an area of 74t900 GOO square 
h.tlometres It IS bordered tn the north by As1at 1n the '\est 
bj Africa, by the mer1d1an of Cape Agulhas 1n tl1e east 
and by tho \\est coast of Sumatra Java Austral1a and Tas 
manta and the mcr1d1an of South Cape tn the ''est Its south 
ern bountlal} IS the coast of the Antarctte cont1nent 

Tl1c Arctic Ocean 1s also 1ncludcd 1n the group of oceans 
It occup1os a surface of 13,100 000 square kilometres Thts 
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~mnJ J O(l'ntt f~ flOr"\JrmJ J1.) (lit' llOt( fl~fO -:f10~1 of f UfOpt' 

Astn one I .1\ mPr1rn TJ1C' J\ relic C1 rc It' i ~ g~nrrn 11} o rc"plrtl 
ns its IHlUiltlniJ ''at h tho 1\ll n nllt Ocrn n 

Sras I 11 'le\\ of I hr fnc~ l hnt l ho cont 1 nrnt ~ l1n\ Ct n 'rl') 
rom pl"l: oulllnt' nn(l nn r" t rrrnrl) jn~~NI chore ltnr tl~~ 
ocrnn O[tnq;•onnll\ £nl:s '~11 41rrp lnlnntl 1ltl' bns lrd to 
tl1o r1<c of out l) ing •fi \ lili:ClOtJ~ of r l1r oc~1n '' f1fcl• nrt' com 
n1on l1 rn Ill cl "nq (I hr l11nr k St n l h'-' Srn or :f.lnrn1orn 
th~ A rn luon SC''l l he S~n of J npnn I hr IJ{'r1ng Sr1 n nd •o 
on) 

Of the- ~rns J 1 nl~d up '' 1111 the ocC"o n thrrc nro tnlnntl 
and rnnrg1 nnl ~~.n~~ T11t" fi~l cut dc-<'p 1 nlnnd ore ~ll unlrtl 
brt 1\ ec11 ll' o or ~cal ~raJ cant 1 nttnls llfld orl"n~lotlnJij l1a\ c 
one or ~c, Ctrnl nnrro\\ l.trnnr11~s mnn.) of t hl'~C' ~n-. nrc cl•nr­
n rt rr1 S(\d I) l gr~n t cl rptl1 111 t' t.f r~p<'~t n rn nn ~ llJ c m IS tl• c 
l\1~d ll( rrnnrnn SPn '' h u .. J1 1 s .;;It unl~t! LPl ''~e-n Afracn I uropo 
nnd A~tn nnd hns t\\ o hrnrn l1~s--liJr Srn or ~tannorn nnd 
tlrc lllot J... Sro 11JC' Rrd St n ~•l uot rd l•t t '' rr11 Afrtcn ond 
A -';'JD 1-5 ol tlJo 1nlontl lJ ptt 

i\1n~~ nnJ ~rns ore ~C'fl IonS or the 5U hnlf:'J'ged COilllnllltol 
sltc-Jr L"(8nlpll's of -,uch ~Cl)'l Qf(' tho ben or Okl~ot-:;k, tho 
Dcr•ng Srn tand tl1c l\orth Sen So1nc n1nrg1nnl ~ens nlso cut 
deep Into tl1c cont• n£'-nts ''hero thr} form zn lnrul Lnsans 
tho \\ J11 t c ond l he Dnlt ac ~ens for 1nst o.ncc 

lJ orld Ocean I /oar Tho orcan docs not hn\o an C\ en 
floor Jn c:omc rnsrs tho 1rrrgulnrllJC'S oro 'Cl') consldcr­
nblo and form n 'elJ co1nplo....: rcl1(\f TJ1o IJ~st c\nmplo of 
th1s 1s tho Atlontlc Octon A submnr1nc r1dgc tn tho ~hope 
of tho let tcr S 1s ~nO'' n to c'ttSL on tts floor TillS ru.Jgo 
extends from north to soutl1 tn n nnrro\\ str1p 1n almost tl1o 
mtddlo of the ore-an Tl1o "'ho.llo'' est nrt..ns nro In tlto north 
ern part of tl1o AtlantJc Ocean bet'' ccn Irt.Jand nnd Lnb 
radar thcro the n\crogo dcpLh ts about 2 500-3 000 metres 
Numerous telegraph cables hct\\CCJl North Amrr1cn and 
Europe l1c on the floor prccisoly JJl th1s pnrt of ti.Jo ocean. 
'' 11c-ncc 1 t rcce1' cd tl1c nnmo tc1C"grnp1l plntcnti, 

The outl1nc of tho submerged r1dgo repents tho contours 
ol both NortlJ and South AmcrJcns on tl1c one l1nntl and t1Jo 
contours of Afr1cn nnd l:uropc on tl1c otl1cr In somo places 
the rtdgc ri~(..s o' cr to a cons1dcrable l.1cight tho .floor com 
1ng closo to the \valor surfe.co 1n the central part Hero the 
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rntcd Irom rnclt other by groups of Islands Here the broad 
~~t sl1nllo'' rmbrnctng the Barents h.arn Laptc' Ea~t 
S1brr1nn nnd Chul.othn scns stretches from tbe Eura~tan 
con~t to the central part of the ocean The dcpllt of the 
~11 nllo'\ does noL ns a rule e'\cccd 25 50 metres 

Along the coast of America espeCially north of Alasla 
t11o "lull Ia'' JS narro'' er In thts area th~rc IS n large number 
of bJg and ~mallt~londs separated by a labJ.rmth of narrow 
c:;trn 1 ts 

TJ1c central part of tho Arct1c Occnn 1s occupied by n 
deep trough (0\ cr 3 000 metres) ncar the 1\ orth Pole It Is 
4 2UO metres and farther south q 000-+5 000 metres deep 
Tho deepest point tn tl1c Arcttc Occ1n measures 5 182 metres 
Tho Lomonoso\ Rtdgc 1s 1n the ArctiC Ocean and 1ts con 
figuratiOn and posttlon aro hcmg stud1cd by Souct Arct1c 
c.tat1ons 

CJ1emical Composltlon and Physlcal Properties of the lVa 
ters of the ll orld Orean Practically c' ccy ''here tho ocean 
1c \\atcrs ba\ o an Identical cllemical composition thetr 
sai1ntt} a'\crages 3 5 per cent or 35°/00 (per mtlc) 1 c 
35 grams of different salts are c.ltssol \ cd 10 a l1tre of '' atcr 
Tbc salt content IS h1glicr 1n Inland seas ''l1ero thcro 1s no 
1nflo'\\ of fresh ''atcr and c' npornt1on IS Intense Jn the 
Red Sen for c'amplo the ''atLr l1as n sal1n1ty of 4 2 per 
cent \''here c;ca \\ nter IS tltlutcd '' 1lh fresh r1' cr '' ater 
~altnlt} apprecJabl) drops 1n the Balt1c Sea and 1n the 
Sea of Azo\ for e'tamplc the \\atcr hns a salantty of onl) 
1 t 2 per cent Near tho mouths of b1g r1\crs f10\\Jng to 
tho ~ca tl1c '' atcr IS almoc;t fresh as for 1n~tnncc In tho 
mouth of the Nc' a RI\ er 1n tha eastern parL of the Gul[ 
of Finland On tJ1o other hnnd 1n somo 1nland bas1ns h.a 
ra Dognz Gal for c"tample ~a1Inlt) rcaclJcs a conccntra 
tron po1nt nt \\lttch salt bcg1ns to prcclpttatc from the solu 
tiOD 

Sod1um chlor1de prcdom1oates (78 32 per cent) 1n tho 
rompo-,Ition of ~ca \\atcr then follo'v magnes•um cbior1dC" 
(9 41 per c~nt) magnes1um sulphate (6 4 plr cent) calctum 
~u1p1tntc (3 !J 1 per cent) potnsslum sulphate (1 G per cent) 
calc1um carbonate (0 0.1 per cent) and s1l1co (0 009 per 
rent) Dront1ne tod1nc mnnganc"c ztnc lend copper noll 
~old lia\ e been found Jn mtnutc amounts Ilo\\C\Cr some of 



these clements arc of great b1ologtcnl Importance Iodine 
IS asstmtlated by ccrta1n algae and copper by certain mol­
lusks Iod1ne 1s produced from nlgao In largo quant1t1cs 
but 1ts cxtractton dtrcctly from sea ''atcr '' ould be a matter 
of cons1dcrable dlfflcult} 

Sea '' atcr also contains gases ch1cfl~ O'tl gen and carbon 
dio~1dc, ammonia occurs frequently In seas., ''hero tJto 
run off 1nto tho ocean Is h1ndercd,. as 1n tl1c Black Sea for 
e"tample ''here the outDo'' 1s barred by tl1o Bosporus sub­
merged sill hydrogen sulphtdo accumulates on tho bottom 
tt 1s a product of the dccomposlllon of organ1c rcma1ns nnd 
the transformatton of sulphurous compounds In the Black 
Sea for -example, at a depth of 183 metres the ''ater ts 
so saturated With hJ- drogcn sulphide that no organic l1fo IS 
poSCJiblo Onl~ ce1ta1n species of bacteria can exist tn thcso 
conditions 

The surfaco temperature of oceanic \\ater depends on the 
geograph1c lat1tude and the season and lBrlcs from 3°C 
1n 'v1nter at tho poles to +32 C 1n summer at the equator 
Tho mean annual temperature of tho ocean surface 1s 17 4"C 
and 1n the lo'' er layers of the atmosphere round the Earth 
the mean temperature IS 14 4 °C Tl1e h} drospherc 1s, con­
sequently a po~erful source of thermal ~nerg} for the 
Earths atmosphere The "arm surface Ial'cr of '"atcr as 
temperature read2ngs sholv 1s relati' ely th1n 100 150 met­
res The temperature of ''ater decrea~es "1th depth At 
a depth of 750-1 100 metres Its temperature 1s 4 C 'vhile 
near the ocean floor the temperature varies from 2 C 
(tn tbe polar reg1ons) up to 2 C In land-locked seas the 
temperature of deep ''ater 1s htgher 1n the l\led1terranean, 
for C'tample 1t IS 12 C at a depth of 2 500 metres 

The densitj of ''ater 1n the ocean var1es from 1 0275 
In the reg•on of the trade ''1nds \\here there ts 1ntensi\e 
evaporation to 1 255 1n the region of the doldrums and tho 
bt1lt of heavy rainfall (along the equator), as '"ell as at 
the poles From the surface do'vn"ards to a depth of about 
200 metres the denstty of \Vator 1ncreases and has o. sal1n1 
ty of 37 grams per lttrc farther do'vn to a depth of 1.800 
metres ~altntty gradually deeteases and near the bottom 
1t sl1ghtl~ tncrea~es aga1n A chango 1n the dcns1t) of ,vater 
IS accompanied by a cl1ango of Its sal1n1t) 
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Tl1o pressure of ~ca \\O.tcr lncrcnscs by one atmosphere 
per 10 metres of dcptl1 \Uth the result that m the deep 
troughs lt 1s more than 1 000 atmospheres Pressure plays 
on 1mportant role 1n tho distribUtion of marine ltfc 

Sunlight penetrates 1nto ''atcr to a depth of about 200 
metres \V1th photo films, scnsitr\ o to chromatic ra)S 
of the spectrum, 1t has been cstnblJshed thnt ultra red ral.s 
do not penetrate deeper tban 4.00 metres and thnt ultra 
, 1 o1ct rn.l' s n ct up on photo films e\ en at a d cpth of 800 me 
tres Since plants requ1rc sunl1ght tho1r occurrence 1s malnl} 
rcstr1 cted to depths of up to 200 metres n l11 ch arc t) p1 cal 
for the shallov. seas around the continental shelves 

TJ1c '"aters of tl1e 'Vorld Ocean arc 1n constant mo\ ement 
as n result, of \\tnd actton and the attractton of tl1c ?\loon 
and Sun 1\loreo,er 1n the h)drospherc there are ''hat oro 
kno'vn as run oft and compensation currents l\htch can 
scarcely be ~ecn h) tho l1uman C)C The former nrc cau ed 
b~ the changes In atmospheric pressure 10 different parts 
of tl1c ocean the 1attcr are tl1c result of c\ aporat1on fluctua 
t1ons of the '"atcr temperature precipitation and tho melt 
1ng of polar 1cc 

\V1nds set \\a\ cs 1n motion Tho he1ght of '"tnd \va\ es 
depends on tho strength of the ''1nd the durnt1on of 1ts 
action and the dcptl1 of tl1o sea Small ,,a-...cs arc 10 15 
t 1mcs longer than th ctr o'' n hctght and hillo"-. s that rca ch 
0 beJght of 15 ntctres 1n the open sea arc 30 40 t1mes ns long 
ns thej. nro l1tgh The gradient PJ.nglo of \\a'\cs ts from 2 8 
to 5 7 \\'a' c motion 1s oSCJ!latocy '' 1ll1 each particle of 
,, 3 t cr rotatIng about 1 ts a x1s riSing o' er tho \\a' o crc~t 
and then dropp1ng This cnn bo \Cf) clrarly seen during a 
s\\ ell ,\)Jcn the sea 1s stJJll1ea Vl but tl1o '\ 1nd has fallen 
n boat rolls and p1tchcs but moles onl) to tho next ''tl'f' 
crest 

A .strong cont1nucd breeze br1ngs \\a\ o crests togct}lcr 
bio"s ''l11te caps ofl thcJr surface and thro\\S float1ng ob 
Jects from one \\a\c to another 'rho disturbance of tl1e sur 
face '' ater ts tran ..... mlttcc.l dol\ ll\\ ard but c\ en l)lllo\\S d lC 
D\\8) at a dC'pth of about 200 metres tho JteJgltt of ''a\cs 
dccr~n~cs 1n geometrical progrcss1on ''1th depth 

Complc1: transformations of sea \\aves caused by tbo 
~tG~\m\t~ a:( t..\\~ -ea h~\-c,m nnd h) ~-o~t\~'lons Mt'h~~n en 
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com1ng nn<l ro nccte<l \\a' cs (breakers) nrc obscr\ C(l 111 oft­
shore c;hallo\\ '' ater<' As '' n\ c~ oppronc lt n l1oro l be) 5\\ n'=ll 
or breat. ogatnst 1t Tl1o shocl stress of n S\\tlsl1 pot1nd1ng 
agaln~t tl•c bro.c}l IS OCCQ'tlODnll) (1.11 lito Dlnck sc~) as lllgll 
as GO tons per ~qunro mel rc 1 J1as nccounts for tl•o grad unl 
'' cor1ng 8\\ Lll of tlto sc., ~11orc TIJts phcrlomcnoll IS of \ nst 
gcolog1c1l 1mportnncc nn(l 1s knO\\n ns martrto cros1on or 
\\ale nbrns1on 

Conc:tanlll blo\\ tng '' 1nds (trndo '' 1 nd s nod Inonsoons) 
cause n mo' cmcnt of '' n tcr ln O\\ n ns sen cu rrcnts 0 no of 
the most po''~rful of tho sea currents 1n tl1o J\ltantic Ocean IS 
called the Gu[! Stream TltJs current orJgtnntcs 1n tl1o cqttn 
tor1al part of tl1o Atlnntac under Lito action of tho nortl1 
trndo '\Inds Th1s'' tnt! blo\\ 1ng from nortlt to soutlt ns n tcsult 
of tho Eartl1 s rotat1on nppronclu~s tlto equator at an anglo 
of 45 (J Gnspnrd Gust a\ c do Cortol1s cc:.tnblt~lletl a Jn'' un 
dcr '\b1cl1 the oct Ion of tho '' 1nd on nn nqucoufi mcd1um 
(\\ater masses) of tl1o ocean stnrts nn cast ''c~t current nlong 
tho equator Ncar tho coast of Sout1J Amer:ca tlzo current JS 

dcfi~cted 1nto a northern tl.Ircctton nnd farther os It 
emerges from the Gulf of ~~c~Ico, 1L torns to tho 
north-east 

The Gulf Stream ts n colossal r1vcr 1n ''ntcr banJ...s It Jtns 
ltS maximum \\tdth of 275 ktlomctrcs orr Florida It IS 

more than 300 metres deep an{l l11s a rate of flo\v of thrco 
metres per second (for tho sa.ko of camp3rtson let us recall 
that 1n flood t1mc tl1c rate of flo\v tn tho Volga 1s less tltnn 
three metros per second) 

Tho Gulf Stream IS of enormous ttnportanco as a dtstr1b 
utor of warm llat.orsbrougbt from tho south, and as a means 
~ maktng the climate of the northern coast of turope mtider 

us, thanks to the Gulf Stream tl1o port of l\lurmansk does 
not freeze 1n 'v1ntcr ''hcrcas tl1o port of Lcntngrad 'vhtch 
~ about 1 000 ktlometres farther south, 1s ICC hound for 

vo months e\ cry year 
p A stmtlal'ly "arm current the h.urosh10 passes In tho 

actfic Ocean south of tho h.urtl Islands The north and 
north ''est \Vlnds hlo\\tng from the t..ast coast of tho north 
ern cont\n~nts g1ve rtse to tho cold Greenland and Lab 
radar currLnts tn the Atlantic and to tho California current 
ln the P acl fie 



TJ1cro arc rather strong sea currents bct\\t'cn Inland seas 
ns '\ell tl1cse currents o\\o the1r rise to a d1ffcrcnco 1n \\ator 
le' cIs Tb us fresh '\ atcr no,, s a long tho surface from the 
Black Sea througl1 the ~11allo'' Bosporus Into the Sea of 1\[ar 
mora \\h1lo salt 'vatcr flo,,s tn the reverse d1rcctton nlong 
tho bottom from the Sea of 1\larmorn 1nto the Black Sea 
Tltcrc arc s1mtlar cttrrcnts bet\\Ccn the I\led1terrancan Sen 
and tho ocean bct\,ocn tho North and Balt1c soas, and so on 

Due to the differential attraction of the ~loon and tho 
Sun tl1crc arc ttdcs along tl1e shore Thc-c:.c phenomena arc 
due cl1Jcfly to tho attraction of tho 1\ioon ''h1ch IS tl1e near 
est celcst1al body to tl1c EnrtlJ the attract1on of tho Sun 
ts only an additional factor Ttdcs change t\\lce a lunar 
day 

Tlto d) nam1cs of tides nrc 'ISualiscd as follo,\s Tho 
Earth s h}drospl1erc 1s Influenced by tho actton of t''o 
forces a centripetal force '\h1ch b1nds the hydrosphere to 
our planet,. nnd a centrifugal force '' h1ch str1' cs to tear 
1t O\\ ay from t1Io Eartl1 s surface Under tlu1 attrac.t1on of 
tho l\toon tho hjdrospllcrc ts dra,\n from the l:arth s sur 
face 1n tl1e d 1rcction of tl1o I\ loon But the latter rotates 
about tho Earth and conscqucntl)' tries to carry a\\ay tl•o 
drn '' n 0 rr sur! a co of tho h) drosphcrc 

Let tiS 1mag1no n section of tl1c globe across tho cqua 
tor and tl1o l\1oon on a prolongation of 1ts cquntortnl rndius 
tra\ ell1ng 1n an nnt 1 clock'' 1'5-0 tltrcct1on Attracted b) tho 
~loon tho h} drospl1crc IS dra'' n tO\\ ards tho l\loon (tide) 
Tl•c rtso of tl1o l1ydrospherc tl uo to tlto action of tl1c ccntr1 
fugal force IS obser\ ctl at the same t1mo at the oppos•tc 
s1c.J c of tl1o c 1 rclo (also t1d o but fa 1ntcr) 

:Lbb t1dcs oro obscr\cd. on tho ends of a diameter ''h1ch 
IS pcrpcnt.ltcular to the first dtnmctcr Ac; tho 1\loon rotates 
tl.Jc e t '' o ttdcs and ebb t1dcs olso sbtft the1r pos1t1on anti 
becnu~e of th1s tho tides and ebb tides alternate t\\JCC ot 
each potnt o[ thl cJrclc 1n tho course of t''cnl) four hours 
T1tlcs colnctdo l\ 1 tl1 the passage of tho l\loon througl1 t1tc 
meru.l1nn of n ga\ en po1nt \\lliio ebb t1dcs eo1nctde '" 1lh 
the ?-.loon s rt~ and ..:.ctt1ng 

J\ solar tulc 1s 2 :> t1mcs lo\\er thnn o Junar t1dc \\1Icn 
the Sun ontl 1\loon arc al1gnct.l on one S1do of the I:orth 
t.bC"Jr tJdnS lorcr-.s combJnc and unusuaJJ) h1gh tJd cs result 
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Stmtlnrly t '' l1cn tl1e t u.lnl forLe., of tltc ~loo11 ltJltl Sun ate nt 
a r1ght anglo to each other and }u;·nco oppo~c{l tho ltdcs nrc 
reduced to thctr lo" est lc\ cl 

T1dcs reach thctr mn"t1mum llcJglit 111 cquntor1nl fCblons­
ln the trop1cs nnd sttbtroptcs. nortll\\llrtl and soutl1'' ard 
from tl1c equator thctr betght U.ccrcnucs On m1d ocean ts 
lands n ttdal '' n, o IS novcr htgl1cr tl1nn 2 5 mct.~s bttt 
along conttncnts 1t may reach n consldernblo hctgl1t cspc 
Ctally ''ben 1t cro\\ds 1nto a nnrro\\ ba} or str'ltt Tl1us 
lll tho Stra1ts ot 1\tagc\\nn t1dcs reach n l1ctgbt o[ 18 mcttcs 
and tn tho lla} of Fundy Canada t1•cy ru:;o ns htgh as 
21 5 metres Ttdcs rtsc 1I1gl1er tltan normal dur1ng a favour­
able '' Intl In tho U S S R tho liigltcst ttdes occur 1n the 
necl of tha \Vh\to ~a n.nd 1n the Penthlna Bn} 1n the Sea 
of Okhot~l, ''l1crc they reach the ten metro marl 

La/ es On the. cont1ncnts the h} drospl1ero IS represented 
by lakes,. ri\ ers and ground '\ aters In tho Soviet Unton 
the largest lakes are 

c 
A 

asftan Sla 
ra Sea 

I akc Da1kal 
Lake Ladoga 
lake Balkhash 
Lake Onega 

Area 
( 000 square 

rnetres) 

424 3 
63 8 
31 6 
18 4 
17 ~ 
9 G 

Absolute 
Depth height or 

(metres) water level 
(metres} 

97J -28 
G8 +66 

1 711 +45l 
230 +4 
26 5 +35J 

120 +33 

Lakes arc natural '' atcr filled 1nlan<l depressions or res 
or, 01rs of 'artous ortgtn v,.htch 1la\ o arisen .n) as a result 
of the act1on Qt tb() Earth s 1ntcrna.l forces subsidences 
{Lake Ba1kal lss}k h.ul and others) C'!(ploswns durmg 
valcanu .. crupt1ons (crater lake~ Laho h.ronotsJ....oye m l\.o.m 
chatka for c~ample), b) as a resltlt of tltc act1on of external 
forces-glacial scourmg (Lake Ladoga) and tock falls that. 
blocked up rner valh~}s (Lal..e Sarez and Yashvl h.ul m 
the Pauurs}-and tho actiOn of ground ''atcrs (eave or 
smk lakes-the h.ungur Lakes for example) ther& arc 
~sa man mado artlficml basms (Moscm' Ts1mlyansloye 

(l
:ybmsl and. other seas) anrl sea built sp1ts and ha)bars 
agoons, for Instance) 
t 
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There are runntng 'vatcr lakes and lakes ntthout outlet 
Tho former rccet" e r1 \ er~ and g1' e r1so to ne'v r1 \ crs (Lake 
Ladoga Lake 0 neg a) The la t tcr rccc1' o r1 \ ors, and d 1s 
charge their l\ atcr solely through e' aporatton (Caspian Sea 
Aral Sea Lake Balkhash) The \\ater 1n the former IS fresh 
and 1n the latter It gradually sal1ntscs first becomtng brack 
1sh (tn Issyk h..ul for example 1t contains 3 6 6 7 grams 
of salt per l1tro In tho Aral Sea 10 4 12 9 grams, 1n the Cas 
p1an Sea 13 14 grams) then salty and salt br1ne (1n Lako 
lletsloyc for example tho '\ater conta1ns 155 2 grams 
per lJtre 1n Kara Bogaz Gol 163 9 285 grams~ 1n Lake 
Baskunchak 284 2 grams and 1n l\.rasny Ltman [Perc 
kop) up to 372 grams) 

fherc aro no ttd es 1 n lakes but '' a\ cs o nd currents 
occur ~loreo\cr se1che~ or oscillations of tho surface 
l1nled up lllth changes Jn atmospheric pressure aro ob 
served 

The ''a tcr le\ cl and sa It n1 t y 1n lakes 'ary depond1 ng 
on climatic conditions The temperature of lalo natcr neJr 
tho surfaco undcfbOCS sharp seasonal fluctuations \\h1ch 
gradually smooth out'' 1th depth Dependtng on tho gcograpb 
leal conditions and salinity of tho "atcr extremely lo\V 
temperatures are occasionally recorded 10 lakes In Lalo 
1\.upalnoJ. c for example 'Vh1ch 1s s1tuatcd ncar tho t0\\11 
of lletsk tho '' ntcr (br1ne) temperature ncar tho bot torn 
falls to 13 C \Vhen JCe covers tho surface. and 10 Lako h.o-
f) akovo 1t drops to 27 C 

Rlttrs R1vcrs represent atmospheriC proclpltnt!OD flovw 
tng on tJ1c Earth s surfnco and Impounded tnto channels 
\\here prcc1p1tataon 1s abundant the nct\\Ork of tt\Crs J9 
dcn~cr No r1' ers rtso tn deserts Tho Sov1ct II)Urolog•st 
J\ \ o} e1lov called r1' crs the product of tho cltmato anJ 
cln~1ficd them as follo\\S 1) ri\Crs fed nlmost completely 
b) mcltetl sno\\ and 1cc 2) ri\Ctrs fed onl} b.) rn1n '\alcr 
3) ra \ crs of m1xcd feed 1ng Ground '' ntcrs ofttn tontr1Lutc 
apprcc•ahJ) to tho fLccling of r1' crs 

1 be land area from \\ h1cb all , .. ater 1s tlrJJned 1 nto tho 
channe .. J o[ a ra \ cr 1s cal led tho draanago bas1n Tho stzo 
of dr1anaco La.sJD~ tho lcngtl1 of rt\lrs and tho quant1ty of 
''ater transportctl b) tltcm may bo d1ffLront Table 1 con 
\n•ns lnformn\ton on somo rr\crs 
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Table J 

HJsln rra 
l£nwth Ann 111 run { uo J ooo RlTer nff trub c ~110 aqulrc kilo (k t lon1etres) 

ffif!tr C.i) metres) 

In th USSR 
0 2 9 , "'00 4 0 b (\\ L1 h t h~ I rt y b) 
\enl Ll (\\tth lbt.. SLllngl) 
Lena 

2 6 s ~oo \)00 
2 38 4 600 

\mur (\\ ilb ibc Arg:un) 2 0 4 .... so 3..J0 
"(J]ga. 1 ti6 3 GOO 270 
D.lnubL 0 8 2 8LJ0 220 
Dn1epcr 0 ~2 2 it)O 50 

In other c:ounfrtes 

Amazon 7 OJ 5 00 3 160 
Conqo 3 6 4!!00 1 8~0 
~IIS~lS 1pp1 3 25 G lOO 550 
\ angtze 1 8 ..J 200 680 

Tht.rc 15 a great number of r1\crs 1n tl1e '\orld In tl1c Eu-­
ropean part of tl1c U S S R alone tl1cre are more than 32 000 

llt\(rs carr~ frcsl1 '' atcr l-Io'"L\ cr In areas '"''th an 
ar1d cltmatc t1\ cr '' atcr 1s somcttmes hrackl~h ac; for tn 
~tantc In tlto Atrck an<l tho Sumbar \Vest Turkmenta 

Tl1o quantity of '' atcr 1n a r1' er depends on tho season 
In season" of lo'v al1mcntatton (tn tltc So" tet Un1on '' 1n 
lcr) the quant1ty of '\ atcr 1n r1 \ er~ 1s small 1ts lc" el Is 
low (to\\ ,..,atcr) h1gh "atcr comes m sprmg \\hen the "atcr 
1n a rt \ er reacl1es 1ts ll1ghcc:=t ]c\ el, 'vo say the rt \ cr 1s flood--­
ed D ur1 ng lltgh '' ntcr and csp cc1a lly d ur1n g floods rt vers 
D\ crflO\\ thctr banJ,..s ~omettmes '\ 1th cata~tropi11C results 

The rate of flow m r1" crs \ ar•c~ grcall) and tJ cpends 
on tho Incltnatlon of the bed (ri, cr gradtent) ll Increase~ Ill 
proportron to tltc li3quarc root of the grad1cnt ''hen the gra 
dtenl quaJruplcs the rate of flow tloublos The moHng 
force of a Eller depent1s on the mass of ''atcr Jn 1t and on 

tho rate of flo\\ ancl IS C:lrprcsscd b} the formula u~ z 1 e 

the mo\ mg force •s proporllonal to tho mass of \\atcr (1\f) 
and to the sq\larc o[ the rate of flo\\ (v) 

Thus tho h~ drospherc -l1ko tho atmospher~ JS h1ghl.} 

\. ~ 
~ 
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tnolulo n1ul l1n~ n mo\ 1 Ub force nntl 1::1 as '' L "hn II ~C'c brio'\ 
n JlO'\ crful gcolog1ca l ngent contr1hut 1 ng to tl1c tran~ror 
mnt ton ,nll de' (lop mcnt of l1to I:nrtlt s crust 

Till: DlOSPJIJ:nB 

Tl1o geolog1cal role- of organ1sms hns been rccogn1scd b) 
~c•cntlsts long ago IIo'\ C\ cr 1t l\ as not unt 11 the t'' cnt u:~th 
rcntur~ tl1nt n sc1cnt•~t lntd spcc1nl cmplinSIS on the rolo 
of org1 n1sms 1 n th c l1 fo of tl1o e nrtl1 Th 1 s ''as dono b} th c 
Ru-::s1an ffilncralog•st and gcochcm1st '' Vcrnatlsk} ''ho 
shO\\cd thnt. l.Jct,\ccn organisms nnd tho environment thcro 
IS n closo tntcractton '' h 1cJt man•fcsts 1t~clf In n cont1nu 
OtiS m1grnt1on of ntoms from tl1e 1norganlc \\orld Into It\ 1ng 
organ1sms and '1cc 'ersa 

Tlto ortgtn of ltfc on our planet sttll rcma1nc; un~ol\cd 
IL 1s supposed that the lo'' cr organisms \\ l11CI1 appeared 
1 n tho ' cry rem ole past could also ha' o c"t p;t C( l J n tl1erm o 
tlynnm1c conllitlons other tl1an those oblnlnlng todn} 
V Omcll nnsk.l g1' es 1 ntcrc~ttng facts a bout tho 'ltaiit} 
of some Jo\' cr organisms Ccrtntn fungal spores for ex 
ample C't.ISt at n tcmperdturo of up to 140 C ,,]IJio tl1o 
spores of m1c robes It' o aL as h 1gb a tern per at u rc as 180 C 
and do not lose tl1c1r 'tab1l1ty Bacterin spores res1st cool 
1ng cquall} '' oll In ltqu1d l1) drogcn the} It' o for ten 
l1ours at a temperature of 253 C and at a temperature of 
-1 UO C tllc} prcscr\ o their 'JabJltt:)- for about st '< months 
l\IIcroorganisms can sur\ 1" o enormous 'nrtot1ons of pres 
sure Some saproph) tic fung1 and bacter•a for c'tnmple 
can rcstst a pressure of up to 3 000 ntmospbercs and } cast 
can survl\C under a pressure of 8 000 atmosphere~ 

L1fo on Earth ts closcl} JinJ...cd up \\ 1th the atmosphere 
Ill drosphcrc and lithospllcrc It can be satd that •l IS In 
fact tllo funct 1 on ot tl1cso gcosph crcs \\ere one of them 
excluded from tho composition of tho Eartl1 l1fe 10 1ts 
present form '' oultl disappear \Vtthtn tho boundaries of 
our plnn(t, \\O find organtsms 1n tho atmosphoro up to nn 
altttudc of SJ"'t h.tlometrcs 10 the h)drosphcro to the ab3-s 
al depths of ocean1c troughs (10 170 metrCJs) and tn the 

ltthosphcro 1n In} crs nt n depth of so\ cr1.l ltuntlrcds of 
metres 
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fhe hiStOIJ of the harth Ib generallj dt" 1ded Into t\\ o 
b1g pertods Azote,. ,,hen there \\as no life on Earth and 
Zo1c ''hen organtsms appeared and began to develop 1nten 
SI\ely S1nce then the lithosphere has been cont1nuouslj 
enr1ched by a number of m1ncrals and rocks representing 
the result of tho v1tal actr\ 1ty of an1rnals and plants 

The partiCipation of organ1sms 1n the l1fe of the Barth 
IS not l1m1ted to the formation of minerals and rocks thanks 
to their VItal act1' It} t numerous 1m port ant geological 
proces~es take place Comple"'\: htocheJJliCal reactions result 
1n the formation of Soils As far hack as the beg1nn•ng of 
the nineteenth century geologists rightly defined so1l 
as a rock '~h1ch d1ffered from all other rocks by tts 
fertiltty 

From the geological point of 'tc'' Jndt\ 1d ual organtsms 
play different roles Organisms arc divided Into a) rocl 
forming and b) Intltfferent to rock formation All animals 
and plants are rocl forming organ1sms 

Among mar1nc plants ''h1ch play an Important rock 
form1ug role mentton must he made first and foremost of 
dultoms 'vh1ch have a S1l1C1fied cell '"all that pen,Ists as a 
skeleton after death and calcareous algae, \\h1ch often ap­
pear as energcttc n..ef builders Among the rock forming 
se-t an1mals are foraminifera radtolarJa sea mats co­
rals cchtnoderms and btvalve mollusks 

On land plants are the chief rock form1ng organisms 
Thc1r VItal actJVlt)' results 1n the formation of caustob1o 
l1ths (combustible mmerals) sapropohtes peat hgmtes 
coal and petroleum 

Tl1e enormous role that organic matter plays 1n the ltfe 
of tl1e Earth depends on the v1gorous ncttvtty of organisms 
Vcrnadsky has calculated thnt tho cnllre mass of orgomc 
mn.ttcr on the Earth males up not more than 0 1 per cent of 
1ts crustal mass But through their activity organtsms 
help to transport matter and 1n thts nspoct thou role ae 
cort.ltng to tho optnlon of some scientists (S h.alc:::,nak) 
ts as Important as the geologtcal role of rt'\'ers tho '\Ind 
nnd glactcrs 

'Ihc propagat10n poncr of orgamsrns 1s of great 1mpor 
lll.nte A. t~ma\~ lt!mi)\~ con\.1nuous\y ln) s tbousantls ol eggs 
C\ Cf) 21 hours 1n the course of a ltfc span that 1s some 
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LlmC"- as long ns ntno l c~rs Dand ~l1ons engender snell n 
numrro11S po l('rJ t) tl1nt 1f 1t all sur\ 1' cd 1t '' ou ld co\ cr 
tbc ent1rc lnntl a rca \\ 1th 10 10 12 l cars Some fish Ia) sc\ 
crnl m1ll1ons o[ roc ond tf enormous numucrs of these eggs 
dJt.l not per• It tl1c h3 drosphcrL '\auld bo congc~tlU 1n 

n 'Crj sl1orL SJJan of t1mc Jlcrc JS nnotJJ['-r c\.Dm]JJc d1n 
toms prOJ1.0gatc so cncr,gctl< all} b) gcmmo t1on tl1at 1n c1ght 
da} s n s1nglc d1otom could create .a mnss of matter th1t 
'' ould be cq ua Ito tl1c 'olu me of our planet and nn l1our later 
thIS mns~ \\ ould d oulllc It '\ ou ld not he d 1 ff1l ult to calcn Into 
ho\\ grc:1t lh IS mnss "' ould be 1n t \\ cnt3 four l1ours S1m1 
Jarl) 1n n ') cnr a ~111 ntc 1nfusor1nn (paramcct urn sl1 ppcr n nt 
malculc) could crrnto n mnss of protoplasm tl1nt \\Ould 
I.Jc cqunl to lllc mnss or our planet 

J Ia\\ C\ cr l h •s C:\lcns1' c rt prod uct1on docs not lend to 
on} ~12oblc 1nrrc o c of organ 1c mnt lcr for tfac o\ cr\\ lu~lrn 
1rg moJurll) uf oCRnn•i.,m~ pcr1 h Jn tho cmbr} on1L ~tagc 
Onl) tht "'C sur\ 1\ c t h 1l1re tJ1e mo t adapted to tl~c surrountJ 
111g~ 11Je ad apt nlu J J t) of organism to 'n \ aronmcnL 1s duo 
to tho 'nr•nLal1t) thnt eo• h orgont~m po~l~ cs under tho 
10 fluent c of en\ 1 ronm~nt fi;.C'p1r1tc org1ns or the tnd 1\ 1cl unl 
cl1ang~ ron tn nt Jl as the} nd npt lltcm~L 1\ cs to tl1o funtl10Q3 

thl) mu t perform 
111~ 't gLl.ab lc k1 ng~lom de\ clops. 1n <ll fin• to conlll t 1 on1 

''hIt Ia nn c ~ l rt'"nlr 1,) til\ (lrsO o nd maJ chn nf:o 1 n the cou~o 
or tile Lnrth s t!t' elopmcnt One of thL mo~t lrnportant 
farlors In the tie\ llnpnll ut or the \ (\grt o.Lic J..J ngdom ~~ tho 
cl• m1lC The t l nl r~rDt Urft llu m l4llt~ of tho Ql r ga~cg top 
o~rn t h) ( \\ hJtlt (Jete. rm• ne-g the rnu\ ~ml nt ol nar ma.'"(~c~) 
su nltght on l nt I n re of ~ <'nltn I tm purl nnt C' 

Lantl nru rna Is on. ~~~~ tlcpcnff l nt on c 11 ntnl 1c coni! at toni 
tiJ!I n fl lnnt S ) n pa rlll U lor thIS tJ ppJ 1~5 lo \\ lrm blooded 
,n lffi.l Li ,r~ r {\l:Jm' It btrd1- m 'mini I,, c .... ) I J LJ }0 IL t.1 Cl p 
till~ nn'l t!apno1 '-llrl onl) It\~ Jn til fio1tc ciJrnat1c con l1 
1 1on1 (teJnpt r'"lli anJ n nrn1 c JJn»Dil) 

Ort ;:ra 1 hi c £ ou t 1 tJon...,_ n I o r•l11 n m • Jnr role: 1 n tlJc ct 
tlrnH_ nl uf IJ I I 11n1 Ulll tooJ J\ntmal.-. J 1\ 1nh 1 n c1t firu to oro-­

~r31 htc tun l1t 1uni tan l• t. par1tt 1 Jnto ~:roup"i fht ~c 
13.\\ ~ ~o\ &. ru 11; tlu .. ~.ta~l r1Lul1on uf ~~ n J .a n1 nJ~ l1 an.. of ~PP­
c t~ I 1 r~ 1 rt.a o l v. Ll fl lli(. an tma.l l..aot: turn of 1 :1 t t p(J(.h! 
l't tt. lu. J 
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There 1s a fundatnctllnl tltf[crcncc !Jct,\con mar111e and 
lanll faur1a f1rst and foremost mart no fauna badly adapts 
Itself to more or less pcrccpttblo temperature Ouctunltons 
~far1nc Ia11na and flora arc Influenced by tl.tc saltntty of sea 
\\alcr temperature currents sunl1gl1t '\ atcr pressure 
floor rclJl!f and tl1c composJllon of bottom scdtments 1 c , 
by tl1c entire complc'\. of plll Sical and chcm1cal properties 
of tl1c aqueous en\ tronment 

Accord1ng to tl1ctr mode of l1fc martnc animals can be 
dtvtded 1nto the follo'' 1ng groups bcnlhos-fnuna fo11nd 
at the ocean bolt om nekton free S'\ •mmtng organic ltfc 
mcroplankton-plnnlton ltv1ng only part of the ttmc at 
or near the surface plankton pass1' cl) floattng an1mal 
lLfe-and otl1crs 

Oceans aro densely populated do'' n to a depth of 2 000 me 
trc~ Bolo\v that le' el tho number of planktonic and nekton1c 
forms of faund '>harp I~ decreases Ho\\C\ cr \ artous flora 
and fauna occur C\cn In the deepest of the ocean troughs 

The btosphcrc IS tile mo~t nct1' e source of energy It 
sets huge masses of matter of the I:arth s crust 1n motton 
Organ1c matter creates so1l takes part In tl1c formatton of 
rocks 1nfluences tl1c microroltcf of the Earth s crust accu 
mulates solar oncrgy 1n the 1nter1or of the Earth anrl regu 
lates tl1o compostt1on of tho Eartl1 s atmosphere All thts 
~hO\\S that organic matter pial's a cotlSiderablc role and 
forces us to consider It as essential a gcologtcal factor as atr 
and \\ater 

Tllb LITIIOSI IICRE 

The l1thospherc or tl1c Earth s crust Is a sol1d rocky 
shell IL Is subtl1V1ded tnto the upper zone of katamorph1sm 
and the lo\\cr zone of metamorphism In turn the upper 
portion of the latamorphic zone adJotning the atmosphere 
IS called tho crust of ''eathcr1ng whtle the lo\\Cr porL1on 
1s called the belt of cementation 

The l1 thospbcre can be obscr\ cd only to a small depth 
for the •ieepest borcholos hardly reach 0 5 J...1lomctres and 
1t ts only 10 certa1n folded areas of tl1o Larth that the rocls 
that formerly occurred at a depth of 15 16 k1lomclres are 
exposed on the surrace b-y mountn.1n mahlng d1sturbances-
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The chcmicnl compos1tton of tho Eortl1 s crust l1ns iJcaln 
computed on tl1c lJa~ts of onnl) c;.cs of m1ncrnls anti rock~ 
,\ccordtng to ll1~ So' Jet mln~ralcgl~t ond gcochC'ml~l J\ \ 1 

nogrnd o\ the- l1llto~phcro ronsJsts of tl1c folio\\ 1ng clc 
ments (1n l\CI~ht pcrccntngrs) 0-40 8 St-2G 00 ,\J-7 ltj 
ft-4 20 Cn--3 2J l\tg-2 35t 1\n-2 ~0 h.-2 33 
11-f 00 

,\s the aLo' c figures ~ho\\ n1nc ~lrmt'nls contr1 buto 1non 
tllnn ng r~r cent of the '' CJg"ht of tile Fnrtla 5 rnJ~t \\a til Ol} 

s:~n rnn 1 n~ up ncnrl.} l1a If of 1t '' 11 h 1 n lam1ts or l he depth 
Jn(IJrntr(l o bo\ C' nnd ~;IIJcon occou nt1 ng for n l1 t tiL O\ rr 
0 lJU1fl('lr o( thl' l\ Clg"hl T11r C' t l\ 0 ell ffi('ntS lllUS ft~Count 
for n1ore tl1an tl1 rrc qun rtrrs of tho '' cJg-ht of tho I .nrt h s 
rnt l ,\lumlnJum 1ron olkal1nc nnd nlkniJnc-C".artll mrtnl~ 
o nd h) d rogrn ncrount for ~3 prr cent nnd the otJu."r cle"nlcnt t:; 

for t 2 pt r rent or tllc 1\ Clght or tlu:t. Enrtlt s rru l Tile conl~flt 
of (118 n I Urn rnrJJon and (liJO (lhorus I!. mr1~11retl lh lent h§ 
or unl prr ( L nt tb~ .ron tent of mn ngo ne',.;.:e 5U lph u r hnr1 um 
r h lortn(ll c hrom 1 u m Ouor1 nca z1rcan 1 urn n1r lc I ~t ront1 urn 
\ n nn II urn C"upp(tf In JJUnfl fl'4J tiJ~ or one pr"r C('Ul n n I l he 
ronlrnt or tun~ trn J1thaum hnfn1um len I nn I rnh1lt 
1 n thou :~ u It h~~J of one- p~r rrnt Til£.' otl1rr (I( rnrnt' n n. rt P 
rt <'lit ("f) 1 n l J II mn Ill r qunnllllr"~ (rnd 1 u m fur £1 tam 
piC') 

T h l l I r rn ~ n t "' '' l11 ~ J 1 o( cur 1 n t h t J n r t l1 ~ ' r u t 1 n 1 u 1 nut t .. - ... ... 



Gl!.NERAL INFORltiATION ON lttiNI:RALS 

Crystalline Structure of Aftnerals 

The ma]orlt) of the kno,vn minerals are 1n a crl stalltne 
state and onl~ a small number IS In an amorpl1ous ~tate 
The d1fferencc bet\\een the CljStalline and amorphous 
~tate 1s tl1at \\hen elements aro 1n a crJ stall1ne state the 
molecules '!toms or tons of each arc arranged In a definite 
order and form a spattallatt1ce (Ftg 5) 'vliilc Ill the seconrl 
case there 1S 110 regular arrangement 
of particles Tho dJfforenco 1n the 1n 
ternal structure of crystall1ne and 
amorphous bod1os accounts for the 
d1 ffercnce 1n thc1r phys1cal propertieS 
(thcrmoconducti\ 1ty, electric conduc 
tillt) magneti~atJon hardnes9 and 
so on) In a spattal latttco th~ par 
ttclcs nre equ1d1stant from each otl1er o No. e Cl 
ln anJ parallel d1roCt1ont but the 
dtstancc bct\\COU them can '\ ary Jfi Fu:~ , f Spa~al ~~ttlct. 
non parallel d1rc..cttons Accordingly 0 roc 53 

the properties of cr} stalltne bod1es definctl by tl1e 1ntcr 
relnt1on bct\\een t}lL const1l11ent particles arc const1.nt 1n 
parallel d1ret.t1ons and may change 1n otl1cr d1recttons Th1s 
Is duo to the structure of tho spatial latttce Tl1e pl1~stcal 
propcrtJes of amorphou'3 bodJcs arc equal rn a11 direCtJons 
and nrc defined only b~ the chemical composttton of tho 
substance That 1s ''by 1n contrast to crystalltne bodies 
"\\h1ch arc antsotrop1c such bod1es arc called 1sotrop1c 

?-.ltncrnls '" h1tl1 nro 1n a crystnll1no state are general 
1) lount.1 1n grrtJns of 1rnguJ~r sha pc and seldom 111 tlit? form 
of rectiltnLar pol}hcllrons-ccystals (r1g G) 

Eacl1 m1ncral b1.s 1ts O\\n more or Ie~s constant crystal 
form ''h1ch depend~ on tho Internal structure of the sub­
~tnnco-tts spat1al lattice Each CIJSlnl 15 bounded h} 
planes called ClJ ~tal laces the lrnt...s ol the !nee Jntcrscc­
tJon ore c1llcd CI)Stal edges tl1e points ''hero the edges 
1ntcr-ect nrc called apc~cs (F1g 7) 

Unucr the Influence of the en' aronmcnt the .... hapc o£ 
lbc Cl)slnl !aces tl•c1r snc and occasJOnall) C\Cn lhe1r 
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Cn stnls nro S} m 
mctr1cnl., lltnt lS lo 
53) l h c- 1 r l nd 1\ 1 ll u, l 
ele:m~nt~ (£act:'~ ctll!CS 
an(\ np~"l~s) or comh1 
nat1ons o[ clements 
arc regulnrl) repealed. 
tl11S ran be noted '' 11cn 
n en c::tal 1'1 d 1 ~~cctcd 
b) n plane '' ltcn tt 
rotates ,bout n ccrtn1n 
a 'tiS or '' l1on t 1lo nr 
rangemcnt of 1ts 

c 

A 

F1g 1 Elements o! a 
cr} sto.l 

A DC ....... r1re A D-.fJfige 
a-d lhtdrtll anc;-l e 

C-JPCI 

D 
f1~ 8 111ne 
of .:r.ymmtlry 

ABCD 
cparatc clemente; 1s 

romparctl 1n rclntton 
to n dcnn1Le potnl tn 
s1dL l t Tlc ill plnncs 
8""<CS nntl po1nls 1.rc 
Lltc elements ol CIJ stnl 
Sl mmct11 and arc cnllcd rcspccttvcl) tl1o plano ot S) m 
mcttj tho O"'\IS of Sl mmC"ll') o.nd tl1c centre of s~ mmctry 

An 1mag1nar) plane t.lt' 1d 1ng tl1o cr~ stal 1nto t \\ o cqua 1 
or mtrrnr 1magc 11arts IS called tiLe plane of symmetry 
(~ 1 g 8) 1t 1s ucs1gnatctl bJ tl1c letter P 

An axzs of ~ymmetry 1S nn 1mng1nary a \JS '\bleb al\o,,s 
tndl\ tdual clements of a cry(;,tal to repent tltnmscl\ cs 
''hen tho Cr)stal maJ...c, n complete rc\ oluliOD of 3GO 
It IS dcs,gnutctl b~ the letter L Dur1ng n com plctc rc\ olut1on 
th1s rcpctat1on of the samo pos1t1on can he obscr' cd 2 3 ~ 
nnd fi t1mcs Accortl1ngly1 tho axes \\Ill be called a"tes of 

f•~ q Axes of svmrnclr) 
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~ u, 10 Ccntru or !} nnurtr) 

"f.} Ill lllrt r) oJ l h 0 ~C'"COIUJ 
lhif'l fourth on(l ~rllh 
ortl('r nntl cJ£tSIJ:nnlctJ hl 
tho lctlt N I~ L 3 L~ onfl 
1 ~ ( llg 'l) 

Thf\ po1nt J nsitlo tJJc 
Ct) ~tnl nt \\ h rh oil 
~t rn f~:"ltt Jrncc: connecting 
lllo rr~prct I\ C pol ntg o[ 
th(' r11 tal c;urfncc 1ntcf't' 
~cct o ntl n cJ procn II.) d1 
'Jtl e 1 nto t '' o p1 rts is 

t.olletl thtt c~ntre oj s!J"l'll~try at IS dcstgnntcd b) l hn letter 
(. A cr) ~tn l cnn l1n' o on I} one rentre o[ q) mmelr) ( F1g 10) 

A crl sto I thnt lln3 tho f lCffi or n cuhc belong:!! to l he gruu p 
of (jguns \\ llll tho C'rt-1.tC~t lll'b reo or .c;l mmel r) It bas I hrco 
n \"eS of ~.) mmct13 or tllt fourth orJ!'r (3L4 ) pnc:;slng t hruugb 
tho m1tldlo of tLo cuho fnccs four o"cs ol S) mmelr) of tho 
tl11 rd on.Jcr (q l J) pas~1 ng tl1rough tf1c npc~rs of the trJfu_'dral 
nnglcs and s1 ~ n 1:rq of s' rnmC'tiJ or the .,.-t,contl onlcr (u~) 
pns.SI ng tllrough th!' Dlltldlo or tho ctlgrs (Fig 11) 1\lorc 

' --1---· ... ;r , ..... c 
~ .... -, 

t 
I 

Glz 

-1 /"\'.. 
/Lr-----t--

t l..._ f i Axes or S) mmctr) of D. cube 

over n 1no planes of sl' m mctry (D P) con h o d rd.\\ n 1 n tho 
cubo (F1g 12) Tho centro of s~ mmctry 1n tl1c cube lieS at 
tho po1nt. l\hC'ro tho a.ses of S)mmctry lnt~r;crt 

On tl1o bas1s of tl1o combination of tho clements ol S) m 
1nctry and other fcatur~s cr) stals nrc cl 1S!>l fled Into tho 
folio'' tng so' en S) stems cubJc l1oxagonal tetragonal tr1g 
onal orthorhombic monoclinic nnd trJcltnlC 

The 1 argest number of c lcments of S) mmctr) IS obse r\ cd 
1n crystals of tho h1gltcst cubcc S) stem Thctr feat uro JS 
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} lg i 2 Plnncs ur 5:\ Ullnctr) or n CUhl. 

that they hn\o more tl1at1 ono a"Xts of sl'mmctry abo'e thl' 
second order 

Crystals '\llh onl:) one a'\:IS of S)mmctrl' nbo\c the sec 
ond or,Jer belong to the m1tldlc s3- stems Dcpcnd1ng on 
the a "<.IS orcler the follo\v1ng tl1rec Sl stems are distingutslted 
among them 

hexagonal '\h1ch conc;.Ists of Cl)Stals ''1th one ax1s of 
symmetry of the s1-.;:th ord or 

tetragonal \\ b1ch constsls of c11 stals 'vtth one a"l!:lS of 
symmetry of the fourth order and 

trtgonal \\htch cons1sts of crystals '' 1th ono ax1s of sym 
mctry of the third order 

CIJstals \Vllh no a""tcs of symmetry or only a"tes of the 
second order belong to the Ia\\ est S) stems The follo\\ 1ng 
s~stcms are d1st1nguished among them 

ortllorhombzc \\htch consists of CrJ stals that ha" c se\ 
era\ axes of symmetry oi the second order or several planes 
of S)' mmetry 

monocltntc '' h1ch consists of crystals that ha\ e e1thcr 
one 8"{1S of S}mmetry of the second order or one plane of 
S)mmctlj 

trtclln lc \\h1ch consists of tho most asl- mmotr10 crl' stals 
or CIJ. stals d c\ 01d of elemet1ts of SJ' mmctry or crystals 
that only ha\e a centre of S} mmctrl 
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Aho' c \\ c hn\ c it1(1irnl~,J th~ minimum num1•rr of rlcmrnts 
of S} n1 n1~lr) nrrrc.Qn 11 l o ( ln~c; r r) ~~ n I~ nq ll(•lnng• Ug' lo n n} 
0 r I h c I• 'C I r I ~) t (. r 11, l l r (' p t l h (' l r ll I• fU c l\ In rt () \ ( r r r) s 
l n Is or t hl lu~:hl ~t tlll~l Jlll~hllt to\} io.(~rnq lllR} J.n \ Q n ~~~ or the 
s('ron~t nr fl r pin nrq nrul n rL nl rc of ~l mnt~l r} CIJ ~ln 1:~ of 
lit(' ort hurhn1n h1c n ruJ ntonol l11u c 5} ~I lin~ hlR} hn' c n tr, 
o( l hl '"'CCUUd Uhll r nnd {J lnnC"S O'J \\ l'IJ Olil a crnt re or S) m 
n1rt r' 

J\ ~ '' t hn' c n l n ntl \ notetl n11 ncr1l3 c1 t hLr form J!rnnu lar 
conrcnlr1lt011'\ or nrL (lCrn~lonn II.) found J n l llo ~h 1 po or 
sllp1r1t c cr) tn Is ur t I u~lt'fS of rl)..,ln I~ Tho n 1t nro of lhC''=C 
n11 n~r1l conrcnt r1t 1nn~ nnd r lu~tcN flcpl n1l~ pr1 nc1pnJ I} 
on l hl. rnnd !lann~ z n \\ h1rJJ tiJL cr) tnls l\ ( n formed 

Granular clu s trrs n ro ronccnt rnt 1 ons of m 1 n~rnl gr11 ng 
of tJ I ff{'fCJit Jrtr J:uJnr ~JJnpo IJJnt dc-pPnd.S OD tJJO SJlntJDJ 
out I• no 1 n \\ h tt l1 lho m1 nerd I h nd Cr} "ln I II ~c~l 
Drus~s nrc liU l£'rs of cr) stols 1 ncru~tcd ot one end to 

~omo surFnLC 
{.. oncret1on s nto m 1urr1.l nrcumulnllong ll~nt c-ro\\ frorn 

somL ttuciC"u~ to the pcr•plu.'r) nnd form r,d 1nlll fibrous or 
conccnlrJcnll) contpo...,{ld t J u~tl rs 0 •l1l£'S nro n I so concrc 
t1on~ TJJc} on m1ner1l accumulatJOn'i of ~phcrtrnJ concrn 
tr1c cant l1oul n I or rnd anlll fibrous ba J ICtS thnt furm ''hen 
n snb~tanro ~l t t le~ nround ~orne n11 nut(., pnrt1 lIt s 

Secretions aro formctl \\hen n mt nern I sub tn nrc fills en' 1 

t1cs 1n ro{ h.~ 1 n contr1st to cone. rl t 1 un~ I ht. <lr'po~lt 1on o( 
~ub~tnncc prortttl~ fron1 tho pl r1 pher) to the 11nclcus Sc 
'ret1ons of up to ten tn all11nPl rl ~ 10 d 1nmt trr ar~ < n Ill d amyq 
d.Lles lnrgtr set. rt t1ons o.rc to I led geo ft.~ 

Slntrr forms or mtncrnl cluster~ or•g•nntc ,)ur•ng tho 
slo\\ cont1ng of some surf1co by n m1n!'rnl substnnt c The 
rna• n role 10 thts pro res 1s l'la~ cd b) colloul solut 1ons 
T1 p1cal ron• form bolr} 01d nl clusters or clusters 1n tao 
shapo of lClClcs (stnlnLlttcs and stnlogm1tcs) nrc formed 

Physical Propertits of Aflnerats 

Tbcre nro d J Ucrcnt methods for Idcntlfl' 1ng m•ncrnls 
they nrc ha .... cd on n dctermJnULion of the habtts of cr}s 
tals on a study of thc•r optt(...al and chcm1cal proper 
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t1cs chemical composition and so fortl1 Sc1cnce has rea~l1cd 
a lc' ~1 ''here mtneral~ cnn be I{lcntl ficd tl1rougl1 X ray 
d1ffractton ~pectrograpllJC and thermal anal) .scs and otl1or 
method.s of prcc1sc mtncraloglcal stttd)' For tl1o sake of 
ac~uraLy minerals arc IrlLnttfit.rd by so\ cral method~ s1mul 
tancousl) 

In order to conduct geological e"\plorat1ons tn tl1e fiold 
1t 1s necessary to be able to 1dent1f) the princtpnl m1neralc; 
on s•ght Attcnlton must he pa1d to tl1e folio'' 1ng basiC 
propcrttes of mtnerals colour of a mtncral 1n fragment and 
1n po\\ucr the lustre tl1c transparcnc:}, tl1c fracture tl1e 
clea\age, the hardness and the., SIJCGliJc gra\ltl Tl1cso prop 
crt1es arc closely nssoctatcd \Vttlt tltc 1ntcrn1l structuro of 
minerals ''1th the tc"tturo of thc1r Cr) stnlltnc laLtlCC In 
th1s connection calh m1ncral \\htch 1s In a cr:} stall1 nc state 
has a de fin1 te nun1hcr of propertrcs tl1at clto.ngc rcguL.1rly 
'"Ith lht.. anisotropy 1nl1ert.nt tn minerals 

Colour Tlte colour of a. mtnera~ tn fragment and 1n po,,der 
form m1.y be dtffercnt Tho coluur of a mtneral ~n jragmen t 
depends on the baste. chemttdl composition of the m1ner1.l 
conLcrnctl on the arrangement of the Ions and .Jtoms 1n 
the crystalline latt1te and on lllsignt f1cant chemical and 
mechanical Impurities \\h1ch can thange the colour hut 
do not Influence other properties On acc.ount of thts \\O 

find dt[ferent mtnerals hav1ng the same colour (for c'\:ample., 
rose coloured g) psum and rotJo coloured haltte) or one and 
the same m1neral havtng dtffcrent colours (for Jnstanco 
fllnl may be ''l11to bro\VDl~h grey bro,,n, red blat1.. or 
some otl1cr colour) 

\Vhen a mineral IS described,. 1ts colour should be staled 
as accurately and clearly as possible by comparing 1t \Vlth 

the colour of "-ell kno\\n obJeCts, for tnstance .. mtlk white 
lemon Ylllow and so on 

In the case of some mtnerals the colour of the pouder 
or streak oftln d1frers frorr1 that of the frJgment For tn 
stance P)rltc fragment~ are golden-ycllo" v...h1lc tho pow 
dtr of tl11s mtnlral 1s greentsh black To dctLrn11nc the col 
our of the po'' der of a m1ncral a streak of th1s po\vder 
ls usually made on the rough surfac~ 0 { an unglaz.ed porce 
la1n plate Thts makes 1t pos~1hle to d1f£ercnt1ate bet'' een 
for example two mmcrals whoso outward appearance 1s 
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' l r l ' 11 u •I n r 'n ) It l I n n It I t 11 1111 I H ' to! Ill t I t I l h l J t n \\ l r u r t I u 
f urn1t r lr, \ l" n chrrrl rrd '-lrrn ~ nnd nf thft J n t t( r n Linck 
CO\ I rcnk 

Lustre ror their lu~lrc- nil nllnrrn)q nrr dl\ ldrd JO(o 

l\\o ~roup'\ Thl fir'--l l!ruup con~i~t"\ o[ fliiiJrrnl~ \\ 1th ~ 
rnetnJJJc lu~trt Ill n fl nltlltl I•J:!1lt the- .._,urlncc or thr e 
tn 1nrr1l45. 1~ rl 1111n 1 ern t o[ n rnl't ol ~urJ ncr 1\ n lt' e n1etnls 
nnd JHo t ~u I phJdl s l1 n\ e n ru~tn 1 J Jc J u~lrl A t1 r('lp rnc-talJJc 
J ustrt occn~1onnll y 1nnJ...r-z, 1 t d 1 f ficu ll tn de term 1 nc thu col 
our of n n11 ll<'rnl Tl1 is ,group nl~o 1ncludr~ n11nrrnl~ graph 
1 lc £or ~x n m pll '' h tell l1n' e n submeta I lie Ju~trc that 
rrc:rnl b Irs the lustre of tnrn 1 h~d m£'1 nl 
Th~ ~l cond hJggl.'r ,group conGl "'5 or fllJ nrr1.IS '\I th non 

meta lllc Ill sire In till'\ group lho ln~trc or fillncr1.ls IS "'Ub 
dt\ 1drtl n~ folio''~ ndnrnnnt1nc-lhts 1s the mo~t tntrnsJ\ r 
lu~t rc 1nd IS t l plc .. r r or ll '=nlnll n nniLcr or tr'lnc;.p1ren t or 
tr1n~l ucrn t nllll{trnl~ (c.l Jnrnou d c.phnlrr1 tc nnd otllcr~) '1 t 
t{'louc; rem 1n 1 ~ccn t of n glnc:;s ~~~ rlncc--1s n r~, t urc- of most 
tr1nsparent nnd tr'ln"l ucC"n t n11nrr1ls (rock cr} stal c1l 
CJ te hnl1 tc 1ntl ~o fort h) grr~~) \\ ltJcl1 g1' ~s the 1n1prr~ 
s1on thnt the surface o[ n nt1ncr1l IS co,trd b) n th1n film 
of grr'asc-th 1s JS n fcnt urc of quartz "lt fr1ct ur~ nat 1' e ~ul 
pl1ur n(lphclcni tc and other m 1ncrnls mot h<"r of pearl (m1 
c, t 1.lc) s1l ~ y-th ts IS the lustre of nl1n~r1ls '' 1 th n fibrous 
structure (fibrous {!l- psum asbestos) F•nnll3 ll1erc nre 
mtncrals ''hose 4Surf"lcc ltns no l UGtre n t ~II In such cac:c"' 
1t 1s "31 d tllat m lnPrnl~ l11.\ e a dull lustre 

Tra11Sparency TJ~e ttd11Sp1reney of o mln.rr1J dep~ndc; on 
1ts nb1lt ty to transm1 t ral s of I1ght J\ccord 1ngl) the fol 
Io'' 1ng 'artettes of m1nerals cnn be d ISltngllJshed 

non transparent miner'lls 1 l nlincrals that do not 
transm1 t l1gh t even tl1rougl1 'ery tl11n sheets Th~c::c m1ncr 
1ls l1a\ c a metallic lustre and ll J.' c a blnck or darJ... strenk 
(n .,.t1 vc metals man:) sulphldLs ferrtc oXld("s and otl1cr 
minerals) 

transparent minerals that admit the pac;~ngc of l1gbt 
l1ko ordinary glass (for e"'<am pic rock cr} -stnl nnd Icc-land 
spar) 

translucent mtncrals tl1at adm1t the pa~sagc of l1ght 
ltke frosted glass (for c1:. 'lntp1e cha Iced on' g~ p~um and 
occa~1onnll~ opal) 



tntncrals that are non transparent a& fragments but ad 
mtt the pa~sagc ol l1ght along a th1n edge {for example 
feldspars many carbonates and Silicon) 

Fracture \Vhen 'ar1ous minerals are brol.en "e get frac­
tures of v3r1ous shape Often the~e fractures ha\ e the shape 
of a smooth conca\ c or convex surface "1th concentrtcally 
arranged r1blets-wa\ es resembling the structure of a shell 
Such fractures are called concholdal 

In other ca~es the surface of the fracture IS covered "tth 
small splinters Thts ts called a splLntery fracture and ts 
a feature of minerals wtth a fibrous long coluntnar structure 
(for ln"tance amphtbolc) Some minerals, for e~ample 
kaollnltc ha\ e an earthy fracture resembltng the rough 
surface o[ cia) In the case of other minerals an une\ en 
surface IS formed ~hen they break and th1s IS called an 
uneten fracture 

Cleavage "htch IS the result or the tendency of mtner 
als to split along parallel planes (planes of cleavage) IS 

a form of fracture Thts property ts due to tlte 
structure of a mineral s crl st~ll1ne latttcc and mnn1 
fcsts 1t~clf In defintte cr;stallographic planes 1n \Vhtch 
the adhesive force between separate atoms falls to a min 
1mum 

Depending on hoVw clearly the clea\ age IS defined the 
folio\\ 1ng degrees of cleavage are diStinguished 

emtnent cleatace '\\hen a m1neral easily spltntcrs tnto 
she-ets "1th smooth shining parallel surfaces Th1s IS a 
feature of mtca (F1g 13) 

perfect clcatage, "hen a mtner1.l that IS struck breaks 
cac;1Iy along definttc planes (for example calctto and l1a 
l1te) 

med,um clealage when a m1neral that IS struck breaks 
equ1.ll) often along clca\ ago planes 'l.S une\ en fracture~ 
arc formed 1n 1t (feldspars) 
f Imperfect cleawge IS ascertamed w1th d1fficult} m the 
orm of c:mall f1.ccts 1.ga1nst the background of an une' en 

lrnct uro (a pa.t1 t e natl" o sulphur) 
ltlghly Imperfect cleatage means that tlterc ts pr1cttcal 

1} no clca\agc It 1s ncHr llOc;,qthte to find e'\en ptan~s on 
the fracture o[ mtncrals wtth a h1ghl} 1m perfect clca' ~tgc 
(for 1n~tnnce 1n quartz.) 
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F1g t3 ~I1ca Em 1nent clca\ ago an ono d•rcclton 

Dcs1dcs determining tht.. degree of cleavage tl ~~necessary 
to mark out the planLS 1n \\htch It Is exprLSScd ~orne 
m1nerals m1ca for example lkave a clcavagL 1n only one 
plane Other minerals arc cl(a" cd 10 t'\ o Illancs and the 
degree of tb1s cleavage can be ulfi£rtnt As an (."<ample 
let us take feldspar It has a perfect clcnvago 1n ona 
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plane and a medtum clea\ 
age tn the otl1er Thcrt 
are minerals 'V1tl1 a three 
plane rlcavagc halttc and 
calc1te for example 
(F1g 14) 

CrJ-stal faces can be m1s 
taken for planes of cl~av 
age and to dtstlngutsh be­
t\veen them 1t t5hould he 
remembered that a~ a rule 
lustre 1s greater along the 
planes of clea\ age than 
along the cry~tal face~ 

--

I --...... 
}trr 1 ~ C1lc1Le 1 crfLct clc.'lvagc 

n 
1n thrt.o direcLIOllS along .a rhon1 

bobedron 

Hardness An Important 
property that h~lps us to 
1dent1fy mtnerals IS their hardne~s, 1 L the1r resistance 
to mechan1cal act1on 

Ten minerals ha\ e been selected as standards of hard 
ness and arranged Into a sc1.lc In the order of ltardness 
relative of whtch the hardness of all other mtner'lls 1'3 deter 
m1ned (Table 2) 

Table 2 

Ilardncss Scale 

.lU\ntral Ila d I l\ftn ral II rd e .s 

Talc 1 Orthoclase 6 
Gypsum 2 Quartz 7 
Calc1te 3 Topaz 8 
Flnor1te 4 Corundum 9 
Apat1tc 5 Dtamond 10 

Each mineral from tho hardn~ss scale can scratch the 
softer mtncral preccdtng 1t a.nd can be scratcl1cd by the 
hatdcr m1ncTal below 1t 

To determine tl1o hardne~s of a mtner~l "ln o\ en facet 
IS chosen on 1ts surface and run over'" 1tl1 the sl1arp edge of 
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n m1neral fron1 t1Ir hardne"" scale If a scratch JS mndc on 
the In vcst1gn tetl n11ncra I 1 t 1neat1s ttt 1t 1 t IS .,.,o[tcr than the 
1n1ner tl st1ntlartl tf 110 scr1.tcl1 1s productd It means the 
1n' cst1ga ted mtncral 1s J1art1cr thnn the m1ncrai standard 
Thts tlst shotild bo continued until tltc Investigated mineral 
fits In to nn 1ntcrval bet\\ ecn t\\ o minerals 1n the hardness 

' ... \ 

- - - --- .. .r... ~- I ' 
t~ C na H}l CK \lllt1 

L11naT 

Fu~ f J Doubl~ refractiOn ln n pu?CC or Iceland Sp3r 

scale 1 c until 1ts l1ardncss J~ dctcrmtnetl as bc1ng 1n tcr 
mcdl"llc bct\vccn tltcm or as equal to the hardness of one 
of them If the hardness of a fine gra1ncd mineral IS tc'itcd 
1t 1s more convenient to scratch the mineral from tho 
hardness scale '' 1 th the gra1ns of tl1c mineral being 
tested 

The hardness o£ a m1nerol can also be detcrm1nrd w1th 
the a1d or a number of obJ~cts V~h1ch nrc nl\\ ays on hand 
(or c-,::.nmple tllo hardness of tho lead or '1 sort pcnellls taken 
ns I the hardnc~s of hal1te or c:;alt IS taken as 2 of a finger 
natl ns from 2 5 to 3 of a na1l or w1rc as 4 of glass as 5 



of a steel blade or needle as about G., of Widespread miner­
als such as quartz and sllicon as 7 1\IJnerals of a greater 
hardness occur very rarely 

Spectfic Ora'Dzty It IS only tn a laboratory that specif­
lC gravity can be accurately determined But 1n order to 
Identify minerals 1t 1s tmportant to be able by stmpl:) we1gb 
1ng them tn your hand to determine 1f they belong to the 
group of l1ght minerals w1th a specific gravtty of 2 5 to 
the group of mtddle minerals 'v1th a spec1fic gravity of 3 5 
to 4, or to the group of heaV:) mtnerals With a spectfic 
gra' tty of over 4 5 \\11th some practice one soon becomes 
able to detctm1ne spcc1£ic gravtty wtth su[fictent accu 
racy 

When a mineral ts studtccl attentiOil must be patd to all 
the phys1cal propert1es tnumerated abo' e because only 
\\hen all these properties arc determined IS 1t poss1ble to 
1dent1fy tho mineral correctly 

Some minerals have properties that are not found In an} 
other mineral For 1nstanco carbonates more or less freely 
react" 1th hydrochloriC ac1d and liberate bubbles or carbon 
1c ac1d gas th1s Is called the boiling up of a mineral 
Double refraction IS a feature of pure calctto (Iceland spar) 
(f1g 15) 1Vlognettte 1s strongly magnetised and be1ng 
brought to the magnettcneedle deflects 1t Halogen minerals 
(hal1te) fr-eely di~solve 1n water and l1ave a charaetcrls\.tc 
taste 

Classification of Mtnerals 

Appro~Imatcly 3 000 different minerals are lno'\\n at 
present but only a small number (about 50) ts '\\ 1dtsprcad 
1n the Earth s crust the rest occur rarely 

h
Feldspars arc the most Widespread group of mtnerais In 

t c lithosphere add1ng up to nearly 60 per cent then fol 
lows quartz~12 6 per cent mlca~3 6 per cent ferrugmous 
magnesia sllicatcs-10 8 per cent l1mc feldspar (cal 
cite)-1 5 per cent dolomttc-0 1 per cent '\D.tious cloy 
m1ncrals-about 1 per cent All the othe"r m1nerals hardl:, 
account for G per cent of the Earth s mtneral mass l\1Incra1s 
that arc 1mporhnt eonshtucnts of ordmar} rocks are called 
rock rormtng mtncrals 
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1\ II 1. no\\ 11 1111 nrrn I q nrcortl anJ.! to 111~1 r chr'n11cn I compo 
~1l1on nntl rr1 ~tnll1n11 tt 'lllrt nre tl&\ Jill tl 1nlu c:l \' r 1l 
cl1~~l" of '" h1clt lhl tno~l 1rupnrtnttl nre 

1 Jl1lt\( clr1nrnts 
~ ~ulphid~~ 
3 lln I ulrc; 
'- Olltlrt.l 111~1 l1) tlrn'Cidt q 

5 c '1 r bon"\ 1 <""-
0 ~ulphntl ~ 
7 phoc;ph,ll ~ 
8 ~JJJrnll'q 
1 1ll propcrlll ~ u[ tho J•rJnr I p1l rock rur1n I ng Jllllll'fa1s 

ontl uf ~,c...lTtl1nl rnlnrrnl..; aro dr crth!ltl bllo\\ 

A'alile L/elnetlls 

N n lJ \ c elL m~n t..:; nro c;cJdoJn found in n 1.1 ure thcl nrc not 
rock [ormlng The orJgJn or 111t1\ c ~lrmcnts hlD) JH~ n~~OCl 
o ted '' 1 th mn~n1n sol1d1 ficn lion '' 1lh ~c-cont1 arl chem 1cnl rL 
nct1on~ or'' 1th the nct1on ol lt1gh trm pcr1.t ures nntl pre~sures 

Grap/:1 te [C) IS rarely found 1 n tho lorJn of sn1all ta 
ht•lor Cr}Stals of tho ltc-.;:ngonnl ~)Slrtn It occurs n1ost 
often ns n compact or scaly mnc;s It h1s 1 d'lrk colour­
lroin steel grey to black Tl1o strc1k IS t1arl grey to black 
and sl1ID) Tho luc:.trc 1s submctnllic Tl1c clca\ 'lgo 1s JlCt 
feet 1n one plane the fl1kcs nro thick nnd c.,_s1ly fr1nbl~ 
Ill thln flakes grapllllO IS nc"Ctblc Jlnrdn~~s-1 SpecifiC 
gra\ Ity-2 on 2 23 It 14i grens) to the touch SOilS llands 
and len\ cs 1. streak on paper 

Tl1e origin of graplttto Is l1nked up 'v1tll magmatic nnd 
metamorphic processes It JS used prlnclpnll) 1n tl1o manu 
facture of pcnc1ls nnd fire proof crocker) and ns a lubr1 
cant for friction parts ''hen on account of bJgh temperatures 
otl cannot bo used 

D1amonds arc a cr)Stallino 'ar1ct) of puro carbon Tl1cy 
nrc extremely transparent very harc.l (hardncss-10) nnd 
have n br1ll1ant lustro Tl1cy occur very rarely nnd arc used 
as nn abrasive 10 engtnecring and nlso as Je'' clry D•nmonds 
arc ono of the most precious mtnernls Tl1c So" 1et Un1on l1as 
depOSitS of diamonds In tho \ nkut Autonomous nepubltc 
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Sulphur {S] 1s occasionall) fountl 1n the form ol cr~s 

tals of the ortl1orhomb1c S)Stcm \veil facctl and forming 
druscs 1n stnter forms but more often as an cartl1y pov'f der­
ltke mass It 1s 3-cllo\V of var1ous ~hades tlp to green bro'\\n 
Its lustre 1long a fracture 1.s greasy, dull Sulphur ts translu 
cent The cleavage IS Imperfect The fracture xs conchoidal 
and earthy Hardncss-1-2 Specific gravity-2 05 2 08 
Sulphur clcctr1fies dur1ng friction. IS Inflammable and burns 
With a blue flame liberating a fet1d sulphurous gas 

Natt\ c sulphur IS formed during the decompos1tton of 
sulphate and sulphurous minerals and dur1ng the subl1ma 
tton of vapours and gases releasecl by volcan1c '\e.nts Sul­
phur de post ts are known 1n some regions of' olcantc ncttvl t) 
For Instance there are large quanttt1es of sulphur In ltal~ 
where 1t Is one of the products of the eruption of 'olcanoer; 
of the Vesuv1us and Etna group In the U S S R there arc 
depos1ts of sedimcntar) sulphur 1n Central Asia and 1n the 
Volga Area 

Gold [Au] IS a prcc1ous metal and 1s found In the form 
of crystals gratns lamellae and nuggets It crystallises 
In the cubic S}Stcm Its colour IS yellow and tt has a h1gh 
spec1fic gra\lty (15 G 19 3) It ts extremely malleable 
Hardncss-2 5 ... 3 

In a dlsperscd state gold occurs 1n rocks 1n rlvers and 
oceans and even tn the ttssue and blood of l1vtng organ­
Isms In nature we find ma1nl; nat1ve gold There are pr1 
mary depostts (•ncluslons 1n ore hod1es) and placers (de 
stro}ed and tedepos1ted prtmar) depostts) In ores and In 
placers gold ts found In the form of t1ny gra1ns but quite 
often nuggets weighing dozens of kilograms are encountered 
Nattve gold occurs 1n various shape lamellae gratns rods 
and so forth The surface of part1cles of natlvt- gold IS co' 
cred occas1onally w1th films of other substances e g 
''1th hydrous O"{Ide of 1ron 

P lattnum (Pt] like gold ts a prcc1ous metal It IS found 
Ina1nly ln a '1rg1n state 1n the form ot gratns and flakes 
of d1ITerent stze and ~eldom In the form of large nuggets 
It ts steel grcj Hardness-4 5 Specific gravtty-14 19 
Ltke gold It comes from primary and placer depostts 

Platinum 1s 1nfustble chemically stable and conducts 
eleetr1c1ty and lS therefore wtdel)' used 1n the chemical and 
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electrical cng1nccrJng Industries Tho h1ggest plattnurn de 
poc;1ts nrc In tho U S S R (the Urals) Cannda. South Afr1ca 
and Co!omb1a 

Sulphldes 

For the number of minerals (moro than 250) tl1ts class ts 
second after stlicntes But for the1r occurrence In the Earth s 
crust minerals of tho sulphtdc cla~s 1th.e nat1' e mJner 
als occupy one of the last places and arc not rock form1ng 
Ho\vevcr some are of great practical Importance Their cbcm 
teal composilton IS s1mplc and IS a combtnatton of var 
1ons elements w1th sulphur The ortg1n of sulphides 15 

l1nJ...cd up pr1nr1pally '' 1 th prect pttation from hot aqueous 
solut1ons and 1n ~ lesser dcgtce ''1th magma sol1d1fica 
tton and cold solutions The maJority of the m1neraJs of 
thts clnss have a mctall1c lustre a relatively lo'v hardness 
and as a rule n h1gl1 spcctfic gravtty 

Pyrtte [FcS J JS one of the most 'v1despread minerals 
of tl11s class It ~~ often found as ''ell defin~d cr}sta1s of 
tho cubrc SJ.stem particularly as cubes on tho fnccs of 
'vh1ch a fine parallel str1at1on 1s '1Slblc 1t 1s also found 
as granul 1r or compact cl ustcrs and round concretions 'l\ Ith 
a rad1ated structure It 1s l1ght or golden ycllo'v Tho streak 
1s black or green1sh black The lustro lS sharp!) metallic 
wh1ch sometimes makes 1t d1fficult to determine 1ts colour 
Pyr1to 1s not transparent The cleavage IS Jmpcrfcct Tho 
fracturo IS un(r\ en or concho1da1 Tho fracture of clusters 
IS granular llardne~s-6 Q 5 Spec1fic grav1t) -4 9 5 2 

P)Tlte o[tcn forms c"tlcnSive accumulations \\h1cb arc 
d cvcloped l\ 1 t h n ' 1 Cl\ to prod uctng .sui ph u rte act d 

Chalcopyrrte [CuFcS ] Ct)stall1scs In the tetragonal 
S} blcm lt !requcntll occurs 1n tl1c form of compact masses 
cr}stals arc r .. re Its colour 1n contrast to that of p)Tlte 
IS lighter-a bra s l ell ow It ts not ns hard (3 4) a~ pyrrlc 
Its c:.prct fie g-r1.v 1 lJ. 1~ 4 1 4 3 It JS n "tdcsprcttd copper ore 
Gal~na [I b~] cr)stall1scs In the cttbac ~yslem It occurs 

1n tho form of granular l('ic;.s often compact mas' Tho 
Cf)!tn.J&\ usunJI) have tho form o( cubes !eldom that of 
octahedron! Tho colour i! Jead-grey Its !lreak f! a !hln) 
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grcytsh black It 1s not trnnsp1.rcnt Its lustre IS mctalltc 
Th~ clca\ age 1s perfect In three pl ~nes parallel to the cube 
faces Hardncss-2 3 Spcc1fic gravtt}-7 q 7 6 

Galena ts an Important lead ore 
SpllalerLte [ZnS] crystallises 1n the cubic system It 

occurs 1n tho iorm oi fine gra1ncd or noduln:r masses and 
crystals of regular tetrahedral shape The clcav~go IS emt 
nent Tho colour IS 1nconstant brown yellow or rcddtsh 
The streak colour ts yello'v or brown The lustre 1s metalliC 
and br1lliant Hardness....-3-4 Spcc1fic gra\ It) -3 5 4 2 

Sphaler1tc IS an Important ztnc ore 

llaltdes 

Th1s cla"s embraceg a large number of mtnerals repre­
senting salts of halotd acids preclpttated from aqueous 
solutions Only a few m1nerals of th1s class chtefly chlo 
rides are rock formtng 

llal,te iNaCl] wh1cb crJstall1scs 1n the cubic sJstem 
Is the most Widespread mineral of th1s class It usually 
occurs In the form of crystalline clusters and seldom as 
cubtc cr~ stals Pure hal1te 1s colourless or whtte Var1e 
ttes of hal1to of different ltght colours (red, ycllo\\ blu1sh, 
grey) are frequently encountered tho colour 1s due to Im-­
puritles The lustre 1s vttteous Haltlo ts transparent or 
translucent Its cleavage 1s perfect 1n three planes parallel 
to the cube faces Hardncss-2 Specific gra' ttj 2 1 2 2 
It d1ssolves rapidly 1n water and has a tJ ptcal salty taste 
Beds and nests of hal1tc occur 1n strata \Vlth other sedlment­
ary rocks Ocean water contains three per cent dissolved 
halite Haltte sometimes settles on the bottom of salt lakes 
and ha)s where 1t 1s 'known as solar salt Ground water 1s 
often saturated w1th haltte and occasionally thts results 
In salt spr1ngs The water In these sprtngs evaporates 1n 
summer and freezes out 1n 'v1nter and 1s the source of what 
Is kno'\vn as evaporation salt 

Hal1to IS used tn food (as common salt) and also 1n the 
chem1cal 1ndustrl' Tho best known rock salt depos1ts are 
1n the Urals the Doncts Bas1n near Iletskaya Zashch1ta 
and on the Tatmyr Peninsula Solar salt 1s ohta1ned from 
lakes Elton and Baskuncbak Salt spr1ngs are encountered 
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I 11 Sl n \) 1.1lH 111 khnln l J) t "-l riC l Ill 'r t hl t (}\\ nq or JJ ,_] ,khnn 
nnll Usol) (1 nn1l 111 ot lJ~r J•lncr~ 

')y lt itc {I\.Cl ) ( orm~ In t ht' ~1ltlC COJtd 1 t ion~ n~ hn Ill~ 
hut occurs lc~c; lrL CJ ncn t I) 1 t ~~ ~oru('t 1n1cq found in gr1nu 
l1r lntcrgro\\lhq '' 1ll1 l11.ltte It-; p1llSIC11 propertlc'i nrc 
~1m tlnr to t lto'5~ of l1n l1 te Tl•o tlaC\t anguish lng fc1turcs o[ 
S} I\ ItO nro ll~ burn1n~ ~,ll) tnc,tc nnd }Jrl~}lt rtld Of unrk 
bJuo colo11r 

F luor1 te {C1 r ] cr}t;lnlllc;c~ 10 tho cnL1c ~)St~m forms 
grnnulnr cluster"\ nod 1~ lound ns ccpnr"'l.t(', '' rll defined 
crlstnl~ usunllj n~ culJeq nnd l~~s often nc; octnl1cdron-; 

I t occurs tn n v nr1ct} or colours colourlec;s ) c-lio'\\ green 
bluo '1olet nnd p1nl Ono nnd tlto same crjsl1l1s frequent I} 
mul t1 coloured TillS m1neral hnq n "1 trcous lustre ts trans 
lucent and tl10 pllfO \ nrtetiCS nro trnnsparcn t (optical nuo 
r1t(\) Tho clcnvngc 1s pcrr{\ct Jn four plnnrs pnrnllcl to tho 
octahedron laces \Vl1cn fluor1tr. 1s I len tC!d tt nuorc~ccs 1n (lnrk 
nc~s llnrdncss-4 Spcc1fic gr1.' 1t) -3 1 3 2 Undlr the 
act1on of sulpltur1c nc1d Ouortto d1ssol' es libcrnttng 
fluor1c nctd [II F] \\ h tch 1ntcnst' cl) corrodes glass 

Fluar1to o\vcs tts or1g1n ch1ofl) to l1ot solut1ons occa 
s1onnlly It occurs tn ';cdlmcnts prccipltntcd from cold wa 
tcrs It ts very Important 1n mctnllurg) 

0 x l d e s a n d 1/ y d r o x ' d e s 

In tl11s class tho mtnerals aro combJnat•ons of "ar1ous 
clcmcn ts w• th o"Cygen and WIth the OH h) dro~y 1 group 
It lS one of the most numerous cla~scs of minerals and for 
1 ts "e1gh t nccoun ts for nedr 1 j 17 per con t of the lt thos ph ere 

Quartz [S10J] 1s one of the mo~t common minerals of the 
Earth s crust It 1s an 1m port ant constituent of rocks formed 
deop 1n the Earth and on 1ts surfd.ce 1 e 1t tak~s pdrt 
1n tho formation of magmatic sedimentary and mctamor 
ph1c rocks It occurs 1n the form of granular clusters and 
Irregular grains occasionully tt ts formed tn vc1ns and vugs 
as well cut crystals and clusters of crystals Quartz 
cr)~tals have the shape of a hexahedral pr1sm terminating 
at one or both ends 1n rhombohedrons The faces of the pr1~m 
are often co" ered wtth a fine transversal str1at1on Trans 
parent quartz cr}stals are called rock Cr}stals Although 
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quartz JS colollrles~ or ,vltl tc \\ 1ten }lUre 1 t IS ofleil lintc<l 
lor c"Yntn plc tl1£'rc IS a '3moh.y rocl cryst1l '' 1 tlt a gro:\ Jsl1 
t1nt nnll an nmctl1yst rock crystal 'v1th a violet tint Black 
quartz IS called morton The faces of tl1c cr)'stal ltnvc a 
VItreous lustre, nnd tl1c fracture IS greasy Quartz has a 
btghly 1m perfect clca\ ngc The fracture JS conchotdal or 
UDC\ CD Quartz b1s a hardness o[ 7 ,nd a ]o,V Spcctfic gra\ 
1ty of 2 5 2 8 It dtsctol\ cs only 1n hl drofluoriC 1.C1d 

It forms during tho solJdific1t1on of magma ,nd ts seg 
r~gatcd from hot soluttons ,_nd ,}so during the metamor 
ph1satton of rock H1gh temperature quartz crystallises In 
the hexagonal Sj stem and low-temperature quartz 1n tho 
trigonal system A cryptocr}stallinc variety of quartz (chal 
ccdony) and not quartz proper forms on the Earth s surfaco 
dur1ng tho dchJ. drat ton and crystallisation of stltca gel 

Chalcedony [S10 ] 1s a cryptocrystalltnc vartcty of 
quartz occurr1ng11n the form of compaet ma~ses Sinter and 
ren1Iorm clusters or nodules Chalcedony polluted With Im­
purllles such as clay parttelcs 1~ called stl1con It occurs 
1n a 'ar1ety of colours Grey Is a frequent colour but there Is 
also brown, nearly wl11te jell ow dar h. red and even black 
Slllcon A" nr1et) of chalcedony w1th brtght colours arranged 
1n conccntr1c circles ts called agate It has ~ "eal grcas) 
dull lustro and 1s transparent at tho edges Tl1e fracture 
IS conchoidal IIardness-6 7 Specific gravtty-2 4 .2 5 

Opal [S10 nH20] Is an amorphous mineral It has a wat 
er content of 1 5 per cent \Vhtch occastonally rtses to 34 
per cent It Is usu 1.lly found tn the form of compact s1nter 
masses It ts colourless but 1mpur1 ties g1ve 1 t d1fferent 
colouts Pree•ouc; opal IS milk white 'vtlh a beautiful 
play of colours Opal 1s semttransparent or translucent 
along the edges It ha~ a weak vitreous or grea~y dull 
lustre Tho fracture IS concho1dal or uneven Hardness-
5 5 5 occasionally G Spectfic grav1ty--2 2-2 5 

Opal forms chiefly on the barth s surface as a result 
of the weathering of Sillcates and also of prec1p1tation 1n 
water bas1ns Some protozoans and lov.er plants have an 
opal skeleton It 1s also known that opal segregates from 
hot solutions Quartz 1s used •n ophcs metallurgy and 
the glass tndustry Quartz chalcedony and opal are also 
used 1n the manufacture of obJects of art ' 
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Hemat1te [Fe 0 3 ] crystnlllscs In the trtgonal S)Stcm 
It ts usu1.lly found 1n tl1c for1n of cotnpact microcrjstalllne 
~caly or lamclllform conccntrat1ons (1ron glance specular 
Iron), 1n tho form of nodules of radtatcd or concboJdnl 
structure and cryptocrystalline masses In tho latter ca~o 
1t 1s called red Iron ore Quite frequent]) hcmattto 1s found 

- - , 
J 

- I 

F1g I G \lagnct1Lo cr) stnls ns the) occur 1n nature 

1n tf1o fornt of Cf)bl'tl~ of rhombohedral and l1mcll1r sh1pe 
The colour of Cr} stnllanc 'artct l('c; or JJcmat l te ~~ lton black 
nnd o[ den c Cr) ptocr} stallJnc \ artctJcs-rcd It hag n blootl 
r~d streak Tl1o lustre 'ar1rs from metallic to tlull l lema 
t1lo 1~ not tr1nsparent e\ en Jn fino lnmcllaeo Jlardnls~-
5 5-G the cr) ptocr) '-~lallznc rn 1.4;.~e'i nrc .softer TJ1o [racturo 
IS conchosda.l It hns n l11gh sprcfic gr1.v1tJ. (J 5 3) "h1rf1 
l" t) JllC1l ror ferrug1nouq ffilncraJ~ J[~mn tIle .rgrt'gtttrs 
ch1£'nl from l•o~ ~olutJODfiJ and ,Ju.rrn~ metamorplil m II 
1~ '1.n Important tron ore 

, f a~ntt~re l ceO Ff':~;Oj J Cr} sta Ill { ~ &n lh£'- cubiC S) t£tm 
It 1~ found 1n th~ form of cump3ct ~r~nular clu!tcr" occa 
! lonall) a!. oc. t ah ~d ron Cr) t a I !II 1m prrgnn t ('d J o rocL.s 
(Fi~ 10) 
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The out\, ard 1ppearancc an£1 ph l steal properties of magno 
tttc rcc:.cmble tl1osc of tl1e cr:) st1.ll1ne '~r1cty of hcmat1 tc 
but the former IS dist1ngu1shcd from tho latter by tts bltck 
streak and mngnetisntton (1t 1.ttracts needles and nntls and 
deflects the magnctte needle) 

1\iagnottte forms during the soltdification of magma and 
segregatesirom hot solut1ons ant11n the course of metamorph 
Ism It IS a very lffiJ'ortant Iron ore There 1re rtch depos­
Its of magnetic tron ore In the Urals (mounts J\tagn1tnaya. 
Blagodat 'ysokaya and others) 

Llmontte [Fe 0 3 nHzO ] IS a h:, drous ox1de of 1ron The 
quantllj of water 1n th1s mtnerdl varies thts results 1n a 
change of colour as ''ell Tho colour of loose varieties IS a 
l1ght yellow wh1le that of compact varieties IS brown red 
broVwn or brown blach The streak ts jello'\-brov.n or bro\vn 
Hardness-1 5 Spectftc gravity--3 3 4 Brown tron ore 
ts somettmes found In the form of ool1tcs and has various 
local names bean ore bog ore'* meadow ore and so on 
An Inter')trattfication of loo~e and compact varieties can 
frequently be seen Ifi a spec1men 

L1mon1te 1s a mtneral of surface or1g1n and forms dur1ng 
the weathertng of all other ferruginous mtnerals thanks 
to the actiVIt:) of mtcroorganisms 1t also prectpttates In 
surface bastns 

Ltmontto IS an tron ore 
Corundun~. [Al20 3 ] crystallises 1n the trigonal system and 

forms columnar p)ram1dal and lamellar crystals It IS 

dark. blue red,. green or brown and occastonally separate 
parts of tho samo crlstal have a different colour H trd 
ness-9 Spec1fic gravity-3 9 4 Corundum does not dls­
solvc 1n actds It IS a mineral of magmattc or1g1n There 
are deposits of corundum 1n the Urals 1\.nzakhstan and 
Yakut1a 

It IS of great Importance In eng1neer1ng as an abra'3Ive 
and cutt1ng material A red trdnsparent var1ety of corun-.. 
dum IS called a ruby and a datl bluo variety Is called a 
sapphlre Rubies and sapphires are gems There ts now an 
Industry manufacturing art1fictnl rubies They arc of great 
lmpot:\ancc 1n eng1neer1ng parttculnrly In 'vatchm'lktng 
thanks to the1r exceptional hardness 
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Carbo11ates 

Tl1c mtncrals of th1s cl1c:s arc cnrbon1c ac1d salts Some 
of them arc rock form1ng ntinerals of scdtmenta.r) and 
metamorphic rocks A feature of carbon 1tes Js that the} 
rcnct 'v1th ltydrochlortc ac1d [HCI] Tl11S rcactton produces 
carbon d1o~Idc [CO j bubbles wl11Ch gt' c the Impression 
that the m1noral bo1ls The rc1ctton proceeds as follo"s 

CaC03+2IICI=C lCI3+II2C03 
II CO~~H20+C0 

F•~ t 7 Calcttc cr)stals 

Out\\ 1.rdly ~~ m1lnr carbon 1tcs cnn bo d1~t1ngu 1Sl1cd by 
tl1o In t.ens1 t} of tl11s rcnct1on 

Calc1te [Ca.C03 ] ts tho rnost "'1dcsprcnd OlJncrol o[ tho 
carbon~ tc cine::~ It crJ stnllts(ts 1 n tl1o tr1~onnl S} srem nnd 
ts found 1.s drtl~('c;. or "cparatc cr)Sl'lls (~ •g 17) It often 
forms ~tnt~rs 10 the ~hapo of stalactites and c;t1ln~mileg 
Calctto ts colnurlc s or '' ftlle trnpurt t1cs rna) J!l\ L 1 t v41r 
tou'J. colours It has n \ tlrl.'ou~ anti o~ca.s1ono ll) .n moth 
~r of pc:trl lu~trc It ss tr1nspa.rrn t or trttnccl ucrnt Tl1o 
clc3 \ 3t!C ~~ Pl rfect an tl1rl t.- planl"~ para lfcl % 1tf1 t f•e far~, 
o{ th~ rhomboh~dron llardnc ~-3 ~prc111c ~ravtt)-
2 G 2. 8 C a 1 c l t c rca. c t s \ 1 o I c n tl) "' 1ll1 Ia) d roc b I or 1 c n c I d 

Th('t colourlr s tr.an41iparcnt \a.rtct} of cafcato f! callet.l 
lcllsnd !par 1 t hn! thP pro pert) of d ouLie refraction 
(FIC 15) and '' u ed 1n opt1cal in,trument! 
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\Vhen calcite ts heated 1t liberates carbon d1oX1do cal 
c1um o~1dc [CnO] kno,\n 1.c; burnt l1me remain~ 'Vhln "at 
er 1s added burnt l1mc tur11S 1nto slaked ltme [C~(OH)~] 
Slaked l1me adsorbs earLon dio'\.Idc from tl1c atr and con 
sol1dates 

Calctte precipitates from surface ~ aters from hot solu­
tions., and IS also formed 1n the course of metamorphism 
\V1del} occurrtng rocks, such as limc~toncs chalks an(l 
marbles cons1~t of calcite fhere arc commercial depos1ts 
of chalk 1n the viCinity of Ee1gorod and 1n the Donbas 
?\iarble lS quarried lll the c~ucasus the Ur11S tho Carpa 
th1ans and h..arelta 

In tl1e Urals 1 akutta. tho Cr1me1. and tho Caucasus 
thero are dcpo~1ts of well dcftned calcttc cry~tal~ Ideal­
ly transparent calc1to crystals were first dcucr1bed 1n Icc 
land., hence their name--Iceland spar 
Aragon~te [CaC03 ] as dtst1nct from calcite crystal 

l1scs 1n the orthorhombic S) stem It often forms dense sinter 
clusters and less often oolite concentration~ and ~cicular 
Cr)stals It 1s dtsttngutslled from calc1tc by a ~ome\\hat 
htgher hardness (3 5 4) ail tndtst1nct cleavage and crl'stal 
shape It prcctp1tates from hot \Vater springq the shells 
of mollusks are formed from tt 

Magnestte [1lgC03 ] 1s a rarer mineral than calctto or 
aragon1to Compared \v1th calcttc 1ts hardness and spec1f 
1c gra" tty are somewhat higher It 1s used In the manu 
facture of fire proof br1cks and cement There arc large de­
poslts of magncstte In the Urals 

Dolomlte ~lgC03 CaC03 ] ~~ a \VIdespre1.d mineral of 
comple"'{ compos1txon It 1s colourle'5s or v...h1te but often 
due to acc1dental 1mpur1tles 1t Is grey1sh or darl It of­
ten forms beds of considerable thickness Hardness-3 5-4 
Spec1fic grav1ty 1 8 2 9 Only powdered dolomtte reacts 
Wlth hydrochloric actd 

Szder~te [FeC03 ] 1s a brown yellow or brown m1ncral 
Vvlth a Vltrcous or dull lustre It has a hardnesC] of 3 5-4 5 
and a spec1fic gravity of 3 7 3 9 'Vhen It Is free of 1mpur1 
t tes 1 t 1s an cxce lien t 1ron ore 

Malaclute [CuC03 Cu(OH)2] 1s a Widely occurnng mme­
l"a\ wl'tb a '51 ?l per cent copper content It cr)stalhses m 
the monoclzmc S}Stem but cr}sta1s occur rarely It IS 
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usunll) round n~ tl11 n rnd 1n I grol\ th" comp1ct or ~•n lcr (rcn1 
form) conc('rt trn ttonq "'1 til n con\ rr~<'nco zonal c;fruclurc 
~nd o r.n<11 nl fiLrou'l le,;:t urL o£ ~c p1r1 tc ln) crs nnd zon~s 
] t IS ortetl I ou 11(1 Ill l he I ornl or ~c-1\ cdg(ls I ncrustn t zon~ and 
cartl1y cluster, Its colour \ nrJrs frorn blue-green lo dark 
green It l1ns n ~~ lk) I U4Jtr(1 I I nrd nrc::q-J 5-4 0 Spcc1lic 
grnvJt) -3 D-4 f 

~lalocl11 to IS n r:econdnr) rn 1nttr1l of IJtc ox1d 1 t1on zone 
of sui ph1t.lc copper U~JloC\tlq '' h ICil occur 1n Jtmeslon~s ,ond 
atltcr carbonate rocks 

It JS a vnlunLio corntncr(..lnl cnppt r orl Lut .ns n rule 
ll1c dopocu l c; 1ro llot I urge 11~111 l1fnll) Jl1 t ternC"d m 1lacJJ1le 
IS n 'nlu 1 hie tndu~t rtnl ~ton~ for ell cor1t1\ c objects 

J1-urtte 12CuC03 Cu(Oll) ] cr)~l1ll1~t c; 111 the rnonocltnJc 
S) slen1 It Js found 1n cr~ ~l1ls J:!rnined and earll13 clus 
ters JUCrust1ttons fine ca \1 1) fil J 1ngc; 1.00 so forth The 
colour of ozur1 tc Cr) <;lnls 1s 1. d ecp d arh. bJ uo Larlhl clus 
tcrs en lied copper hi ue ha\ c a hr1gb t or lJght blue col 
our Cr} stoliinc nzur1 to Ju1s 1 \1 trcous and cartl1y dul1 
lustre llnrdnc~C3---3 5 1 ~pcc1fic gr1v1t} -3 7 3 9 The cleal 
age lS nJcdtunl 1n one plnnt Azura tc d J~socia tcs frt. ei) \Vlu ... JI 
1t JS o"t:ldtset.l 1nd lthcr"l tes carbon•c acid gas 

It lS a t} p1cal mtncrnl of tl1c zone of O'tJdatJon of copper 
depoSitS nnu forms during tbc \\ c~thcr1ng of c}!aJeop)TilC 
bornite grey copper ore chn1cocitc covcll1te and othtr 
copper .bUiphtdcs 1\fal1chJlc 1S tho most usual companion of 
nzur1tc Azur1tc IS used 1n copper smclt1ng and tn tho manu 
facture o[ blue patnt It docs not form large nccumulatJons 

S u l p ll a t e s 

The maJority of sulphatcs arc rock form1ng m1nerals of 
scd1mcntary reels Thc1r format1on JS tho result of tho pre 
cipltntion of the SJ.lts of sulphurbJc acid from surlncc wat 
cr or they arc products of tho o"tldtttion of sulph1des 

Gypsum [CaS04 2H,O] 1s one of the principal rock form 
1ng minerals of SQdimcntory rocks It IS frl?qucntly found 
10 well defined cr1stals of the monocltnlc system Some 
t1mes 1t occurs 10 columnar and scaly form not Infrequent!) 
as t\VlD crystals (F.1g 18) hut mos\. oi\cn as compact ma~~-e3: 
The clenvagc IS p~rfect Hardness-2 It can bo scratched 



f!a~Hll ''"1tl1 n finger n1.1l Specific gr1\ 
1 t) - 2 3 Purl. '1.rtL I t.es of gl psu m nrl 
coloo.rlr"s c:.ottt£'t llnls ~} p~utn IS ''Ill tl 
grc} bluo or p1nl It 1c:; tr1.Jtsp'1rcltt or tr1ns 
lucent It l1as a vtlrcous and Jnolltcr of pearl 
lustte G'l psum crl stnls '' 1tl1 n fine fibrous 
structure are called selenite 

At a t~mperaturc above 100°C gypsum Joc:es 
a part of tls \\&tC!r and turns tnto s~mthydr,tc 

[CaSO._ !n,o] The latter 1s ground mto flour 
""-

"htch after the a£1d1 tton o£ ''a lcr bccomc'j ~ 
l u:~ 18 

S\\allO\V tall 
gypsum t'v1n 

pa~tc and quickly consolldntcc;, llhcr'ltlng 
heat as 1t docs so Th1.nkc; to this gypsuut 
1s used 1n medicine for plaster of l)1r1~ ban 
dages 1n the manu{ncturo of cement 1n 
architecture, sculpture nnd otl1cr fields It IS also o[ 
great tmportancc 1n the chcmtcal tndustr) Gyps tim depos­
Its ofttn adJoin dcpostts of rocl salt 

Anhydrite [CaS04 ] crystalltscs tn the ortltorhomb1c --1} stem 
It lS usually found 1n the form of compact fine grained clus 
ters Though 1t 1s generally wlt1to 1t sometimes l1as a faint 
blutsh or greytsh t1nt It l1as a '1lrcous and motlicr of pearl 
lustre Anhydrite IS transparent but more often 1t Is trans 
lucent The cleavage IS perfect and med1nm 1n t\vo planes 
at an angle of goo Hardness-3 3 5 Specific gravity-
283 

P l~c o s p h a t e s 

Apattte [Ca3(P04)(CaF} (CaCI2)] ts tl1c most \\tdcsprcad 
m1neral of th ts clas~ It cr) s tnllt '2;cs tn the he~agonal sys­
tem ts usually found 1n the form of fine grained clusters 
seldom as ~eparate crjstal~ tn the shape of hc"-::altedral 
pr1sms Its colour 'ar1cs from whtte to brown whtle large 
cr~stals are frequently pale green or greenish blue yellow­
Ish VIolet red or bro\VIl It has a vttreous lustre on 1ts 
faces and a greasy lustre on fractures Tho cleavage 1s 1m­
perfect Hardness-5 Spoc1fic gravtty-3 2 

It ts very Important as a raw material for ferttltsation 
It 1s found chtefly 1n "ed1mentary rocks but there a1~o are 
apat1tes of magmat1c and metamorpl1tc or1g1n 
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st ruct urL IS n-...~ocJ 1 ted '' 1 tl1 J nn1clJ or crl "'tals an cm1nen1 
cllla \ nJ!c Jn one plnne nnd n lo'' l1nrt1 n£t.;;;s A lllnm 1n::.tcd stiJ 
c1teq cr) "l1ll1~c 1 n t llc., tnonocltnlc Bl ~tent f ron1 tl•c chcm1 
c~l potnl o( 'te\\ ltlL Rill f\lll ltoll" the~ nrc cl1arncterlsed hj 
the pre~cnct:t of the 0 II h) clro't) I group 

~ J r~t nnd (orezno~t among Jn1u 1n 1tetl -c:aJJcntcs tJu~~rc arc 
thr lltiJll r1ls o[ tho Jtuca group \\ lliCil ~rl l) IUC1 I of mag 
rn., t 1c ll nd rnrt 1 n1orph 1c roc"-~ 1\IJco cr} st lis nrc tnbu1ar 
lli1c 1 1~ ~a~1ly spll t nlong 1ts clca\ ngo 111to cxtrcmclJ. th1n 
Ll ~~t1c "hcLtq (I •a 13) 

A1 us~o l t te [l\.J\1 (01 I) (A ISJ30 10)] IS usually colour1c~s 
nnd uften has n gr('cn or pnlo l clio\\ t 1n l It lias "l \1 trcous 
Jnother or Pll1rl lustre It IS transparcn t lii.nnls to "lltch 
It ,, l'i r ornlcrl y u~cd lnStl nd or gloss In '' lOdO\\S The c ll.aV 
n~o IS cn11ncnt 10 one dJrcctJon the &;]ILet~ nrr clastiC 
II nrdnpss-2 3 Spec1 fie grav1 t) --2 7 3 1\luc;co\ 1tc IS ch1efly 
11~cd tn tl1c clcctrJcal cngan!'cr1ng lndustr) as an 1nsu 
lat1ng m1tcr1nl Comml'rCI.ol dcpos1ts of mu~co\ 1tc are 
ltnked up '' ztl1 pcgm 1.t1 tcs 

\\
7cstLrn Curopo uc:ed to Import th1s m1ncral from 1\[us 

ro\} ''here tho deposits l\erc ''or led as far back as 10 

the 1\ltddlc Ag~s lienee tl1e nam(' 
Bloitte [l\.(~lg fe) 3 (Oll)2 (AIS130 10)] dt[[crs from mus 

co' 1 t e by Its bro\Vn or b 1 ac k co I our '' ca k er tran c;;parcncy 
(It 1s only trnn'ilucent) and h) a somc"ltnt h1ghcr spectfic 
gravity (3 3 1 ) \VI1cn black m1ca IS \\Cathered It acquires 
a bronze t1nt 

Talc [~1g3{0H) (Sl40 10)] lS fottnd 1n compact fellated or 
scalL clusters separate cr) stals are 'cry rare It IS ,,bite 
pale green bluish green or s1lver) It often has a ntother 
of pearl lustre v.h1ch turns dull 1n compact clusters The 
cleavage IS eminent Jn one plane The lamcJiae split along 
the cleavage are ne~lblc and non reslllent Talc lS greasy 
to the touch Ilardness-1 Specific gravity--..2 7 2 8 

Talc forms as a result of the metamorph1~m of magnesi 
urn r1cl1 f:>Il1cates particularly of oltvtne pyroxcnos and 
ampl1Iboles Thanks to Its softness and eminent cleavage Jt 
1S used ior luhrJcat1on Soapstone (a mass1ve var1ety cf 
talc) 1s used as a refractor) matertal 

Serpenttne [l\lg6 (0H)9 (S110 10 )] ts commonl! found 1n 

compact masses and occasionally 10 the form of stnter clus 



\ers onl~ one 'Vat1et:,. oi serpent1ne-ant1gur1te -~-1s kno\\Il 
to have crJstals The colour varies from v..hitish green to 
black green The colourtng IS frequently arranged 1n Irreg­
ular spots hence the name (from the Lat1n serpens) It 
has a v1treous greasy lustre ( leavage IS only obser\ ed In 
antJgor1tc Ha.rdness-2 54 Speclfic grav1t3 -2 5 2 6 Ser 
pent1ne forms In the course of the metamorphtsm of basic 
rocks 

A th1n fibrous var1ety of serpentine IS called chrysot~le­
asbestos It IS \\h1te and sometimes green yello'\\ It has 
a stlky lustre Hardness 2 3 Th1s mineral spl1ts Into 
snoV-t ''h1te th1n flextble fibrcl3 and 1s usually associated 
With fi~sures, Standing out lfl the form of '\ etnS against a 
bach.ground oi compact serpentine 

liaoltnzte [AlJ(OH)8 (S110 10)] 1s found In compact and 
earthy clusters The cr~stals are very small and can be 
stud1ed only under a m1eroscope It lS wh1t~ and 1n the 
smallest crystals 1t IS colourle"s It has a dull lustre The 
fracture 1s earthy Hardness-1 SpeCific grav1tv--2 G It 
IS greasy to the touch In a dry state 1t eastly absorbs motS 
ture and becomes plast1c 

In contrast to silicates (desc.r1bed above) kaolinite forms 
principally on the surface of the Earth during the weather­
Ing of alumosJ}Icates chiefly mtcas and feldspars (see 
below) 

Several mint rals of similar composition and represent­
lng mtxtures of t~ o compounds-Mg6(0H)8{SI40 11) and 
~lg4Al2(0H)8 (Al2SI 0 10) In wh1cb ~lg2 ... replaces FL1+-, are 
part of the clllorlte group Chlor1tes are found In the form 
of compact or scaly dark green clusters They have a mother 
of pearl and vttreous lustre Hardness-2 2 1 The clea\ 

age 1s emtnent In one plane Ltke mtcas cblorJtes spltt 
tnto scales but they are not elastiC Speclfic gravtty-
2628 

The format1on of chlor1tes IS l1nked up chtefly w1th met­
amorphism 

&laucontte Is stmtlar In composttton to ferruginous m1 
cas (lep1domelano) from wh1ch 1t Is dtsttngu1shed b) tts 
smaller h..,O content and htgher water and Iron content 
The crystalltn~ structure of glaueontte has been ltttle stud~ 
1ed It IS found 1n the form of small spheroidal rounded 



grnnulcs Jn beds o[ c:tcdJrncntnry rocJ..s of m11rJnu or•g•n 
Its colour v ar1cs from green to dn rJ.. green It h ns a d u 11 
)ustrc llnrdncss-2 1 bpcc1fiC grn\ It) 2 2 2 & 

Glauconl to IS used n~ n potn~SlC r ert lllscr n'; grl en IJD I nt, 
and for "Oit~nzng l1ard \\nlcr 

Con1 plcx trctocr) stall 111c st rucl urcs 1rr ohtn 1ucd ''hen 
tllctc IS n spntlall1nk up o£ St)ICO 01)ReHOUS tetrahedrons 
In tcctosl)Jcntcs n P1rl or the C:lltcun IS nl\\ 1.)5 replaced 
bl blumJDIUm OOtJ therefore all or the1n nrc a)un10SI11C3l~S 
Among nltncrals poc;.sc~sJng tJ1JS texture feldspars arc tho 
most '' 1dL~l•rc1d 

Frldspars cr}staljl L in tho lrJCllnlc or monocl1n1c Sjs 
tern They arc brJ~l1 tl) coloured JJn\ c a (j Q 5 l1ardnrss 
a \ 1trconq lu~trc a mcdluJn and perfect cleavage 10 t\\o 
planLs ot nn nngiL ncar to 90 .and n c;pLctfic gravity of 
2527 

Tho) nrl d 1 v1dcd Into t'' o subgroups 1n occordnncc '' 1llt 
thc1r chlntical composition n) soda. potash fe1dspartt or 
nnorthoclascs and b) ltmc soda feldspars or plogJoclasls 

Orthoclase [l\.(A1St30 8)] IS the most \\ tdLS pr<'ad m•nera 1 

of tl1o first subgroup Jt ol'' al s cont"t1ns a ccrtatn amount 
of Na20 as on 1mpur1t) It cr)c;tallJses 1n tabular crl~tnls 
of tl1c monocl1nJc .syBtem It Js an css~nl111 constJtU!'nt 
of several magmatic vctn rock~ and n1ctnmorpl••c rocks 
Its colour 'aries from nt..arly ''1IItc to dtfferc-nt linlb of 
p1nk yellow and blood red Clcnvagc-1n tno p1anes at 
an angle of 90° {hence the name orthoclase from the 
Gre ck orthos [stratgl1 t ] +! lasl s [fraL t ure j) In on c p1 ane 
thL- clca\agc 1S perfect and 1n tho other 1t 1s medtum liard 
ness-6 c;pccific graVIty-2 5 

A mJneral of the same composJtJon but nbJcll cr)stal 
l1SLS tn the tricllnic Sl stem 1s ca. II ed m 1croc l1 ne (mean 1 ng 

sl1ghtly deflected ) TJ1e anglo bet" ecn the planes of 
cleavage of thts mineral IS 20 smaller than a r1ght angle 
Outwardly microcltne cannot be uiStingutshcd from or 
thoclaso and can only be Identified 1f 1t Is brtght green or 
blue green The latter var1ety IS called ama""'on,te Com 
mon potash feldspars (orthoclascs) are used tn tho gla"s 
and e-eram1cs JndustrJes 

A plag1ocJa~ subgroup consJsls of m1nerals that are 
a hard solution of t'' o molecules of N a(J\lS1t1l08 ) and 
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Ca(Al2b120 8) ml -,:ed In any ratio thus form 1ng a series of <..om 
pounds (Isomorphous mtxturcs) 'vtth continuously cllattgtng 
composition and properties The e~treme members of this 
ser1es of minerals are called alblte (sodtum alumtntttm stlt­
cate) and anortlltte (calctum alumtntum stltcate) Bet"een 
them aro oligoclase andcstlc labradorite and bytown1te 
all of ''h1ch contatn sodJum and calcium molecules In dtfier­
ent rat1os 

Plag1oclascs arr the Ingredients of several m1gmat1c 
and rnt t amorpl1IC rocks All plagtoclascs cr~ stallise In the 
tr1clintc Slstem SLparate cr)stals arc seldom found Com 
ple't t W1nn1ng of crl stals 1s a ch 1.ractertsttc feature of pla 
gio<'l1~es Th1s can often bo seen on the surface of large 
Crjstnls tn the form of a fine parallel str1at1on 

hlacroscopically plag•oclascs dtffcr slJghtly from each 
other and form soda.-.potash feldspars In some cases tt 1s 
possib){l to diStinguish plagtoclase from minerals of the 
orthoclase subgroup h) 1ts colour which ts l1ght grey or 
greentsh gre~ wh1le the latter are p1nk or yellow There 
IS also a d1fierence 1n tho arrangement of the clea\ age 
planes which In plagtoclac:_es form an angle of 86°24 8(3 50 
hence the name from tho Greek plagzos (obl1que) +klasts 
(fracture) The t" 1n strtat1on mentioned above somettmes 
makl9 1t posstble to 1dent1fy plagioclase In many cases 
It IS almost Impossible to d1ficrenttate bet" een orthoclase 
and plagioclase V¥tth the naked eye and 1n field condttlons 
there 1s no alternat1vc hut to tdentif:} the mineral Simply 
as feldspar 

Tho compos1tton of plagioc.la.so can be quickly and accu 
rately determtned With a polarts1ng m1croscope fitted wtth 
a Fyodoro'\ umversal o;;tage thts 15 lnown as the Fyodorov 
method 

l\itnerals of the feldspathotd group d1fier from feldspars 
In that they have a smaller content of Silica, and therefore 
replace the latter as lt were In al1.alme rocks whtch formed 
rom magma With a low stltca content 

t Nephelme [Na(AISt04)] cr;)-stalhses m the he"{agonal sys 
em It 1s grey green grey red grey to red-brown and 
~~od red The fracture JS uneven and has a greasy lustre 

2 
(jc cleavage IS Imperfect Hardne~s-Q Specific gravity­

Nepheline ts never found together w1th quartz 



It Is n rock formtng m1ncrnl taking 
pnrt ID the [ormnllon of alf.-.nl•no rocks 

It 1s used tn tha cera n11C'l o.nd glass 
1ndustr1cS and ns a source of nlum1n 
tum oxtdc sod1um carbonate nnd 
~o on 

Leuctte (h.(AISJ Oe)] crystnllJscs 10 
tl1c cnh1c Sl stem It IS usually 
found ns regular cr.) stn ll1nc phcncr­
crjsts 1n tl1c form of tctrogonnl tr1oc 

F!g 20 Leu cat~ crystn I l, heu rons ( r lg 20) It IS colour I css 
v- Ill tc or l1ght grey and It as a \1 trrous 
and fainll) grc1S) lustre The frac 

turc 1s uneven concho1dol llnrdncss-5 G Specific gra\ 
tt}- 2 45 2 5 Lcuc1tc can be used. ns n potn~stc raw 
material 

GENlR \I INron'r \TIO'i ON ROCkS 

RocAs of \Vh1cl1 the Earth s crust 1s composed nrc ng 
gregnttons of m1ner1ls of more or less constant composi 
t1on 

A rock may consist of one or several m1ncrals Examples 
of monomtneral rock aro marble which conststs of CrJ"stal­
ltne gra1ns of cnlctte quartzite wh1ch consists of only 
one mineral quartz and gypsum But 1n nature \VO most 
often find polym1ncrnl rocks for tnstancc granttc wb1ch 
consists ch1cny of quartz feldspar and biottte and sye 
n1te \\hJch consists of feldspar hornblende ond m1ca 

In v1cw of the numerous minerals thnt aro kno,vn to extst 
1n the Earth s crust there should have been an 1nfin1te 
number of rocks ActuallJ hov..ever there arc mucl1 fev~er 
rocks than m1ncrals Tho reason for th1s IS that rocks form 
tndcfintte physico chemical cond1t1ons related to a dcfintte 
stage of tho gcologtcal process Onl) a strictly )Jmited nuill 
her of m1nerals eXISting 1n stable cqu1libr1um can form 
under g1ven cond1t1ons 

\Ve can single out the prlDClpal roch. forming m1nerals 
that form rocks and determine all tbe1r properties, nnd 
t1:t~es~ry m\n~t.als ~htt~~ ~ta~n.'t~ 1lt. a~u~~ -d~s n'3.t. alte.r 
thP nature of a rock 



Bes1d~s thetr mtnera.Iogical composttton rocks art.. 
d1Stingu1shed from each other by tbetr structure and 
texture 

By the term structure~ ""e mPan the structure of the m1n 
eral aggregate 1 ~ the de.gtee of crystallinttl the shape 
of the crystals and the stzo of the mtneral gratns of "htch 
a g1ven rock 1s formed The structure depends on thP. con 
d1t1ons 1n "htch the rock ts formed The composttton of a 
rock 1 e tho arrangement of the m1neral~ of wh1ch It IS 

~omposed 1s known as 1ts texture 
Accord1ng to the1r or1g1n all tacks art d1v1dcd 1nto three 

groups 
magmattc rocks v,htch form when chilled magma crJstal 

ltses 
sedtmentary rocks, whtch form on the Earth s surface 

as a result of thP destruct1on of earl1er rocks 1.nd of the 
subsequent mechanical or chem1cal depostt1on of the prod 
u~ts oi th\s destructton'* and c1lso thanks to the v1tal act1v 
tty of plants and antmals 

metamorph1c rocks whtch form at the expense of magmat 
1c or ~edtmentary rocks under the action of h1gh tempera 
tures and pressures and also thanks to the add1t1on of d1ITer 
ent gaseous substances wh1ch emanate from a ne1ghbour1ng 
magmat1c chamber 

'Ve shall now dtscuss the character1sttcs of the most 
Widely occurring rocks 

Afagmatlc Rocks 

Dependtng on the cond1t1onst 1n v.ht'Ch mngm'l. sol1d1fi~s 
magmat1c rocks are d1v1ded 1nto two {'"roups deep seatPd or 
lntrztsf..te rocks" whtch formed during the sol1d1ficat1on of 
magma deep 1n the Earth s crust and ejjus~~e rocks '\\hich 
owe the1r formatton to the soltdificatton of magma poured 
out or eJected to the Earth s surface 1 e lava 1\1oreovcr 
there ts an 1ntPrmed1a.te group of ~em1 aby~~al rocks \Vh1cl1 
were formed dur1ng the solidlficatlon of magma near the 
Earth s surface 

1ne mtneralog1cal compos1t1on of 1ntrus1\ c 1.nd Lffust\ l 
rocks depends on the cbem1cnl compo~tt1on ot magma 
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All magmatiC rocks are dtvJdcd 1nto four groups depend­
tng on the percentage of stlicon ox1de 1n them acid rocks 
wtth a 65 75 per cent content of St02 o\erage tgneous 
rocks \VIth n 55 65 per cent content of S102 baste rocks 
wtth a 45 55 per cont content of S10 and ultra baste rocks 
"tth a S10 content of less thnn 45 per CPnt 

There JS such a cons1derahlc quantJty of st1rca Jn aetd 
rock that the surplus JS exuded 1n the form of quartz In 
average Igneous rocJ...s the quantity of stl1ca IS equal to 
the quant1tl of cations and therefore there 1s usually 
no quartz at all or only a c;;mall quantlt} of tt 1n the~c.. rocks 
ln bas1c rocks tho quantitJ of stltca IS llss than th~ quan 
t1tv of cations These rocks contain m1nerals of the stl1cate 
group 'vh1ch have a relatively small Siltl.ton o~1de content 
and also ol1v1ne La"tly In th~ ultra basrc group the quan 
t1ty of stltca IS very small 1\-IInerals \VIth a poor silica con 
tent matnly oliVJne and pyroxenes predominate Ill the~e 
rocks 

1\iagmat1c rocks differ from each other as regards thetr 
structure and texture this be1ng due to the dtfferent physt 
co chemical con£11 t 1ons that o bta1ned when they 'vere ·formed 

In deep seated layers of the Carth magma sol1d1ftes sJo\'\ 
ly as the temperature and pressure gradually drop and 
volatile subst~nces (mtneraliSlng agents) st1mulat1ng crvs 
tallisatlon appear Th1s results In the formation of rocks 
consJstJng entirely of cr)'sta]s J e w1tb a ho/ocry~tallzne 
structure 

'Vhen magma pours out to the Earth s surface 1n the 
form of lava the temperaturP and pre"sure drop ~harply 
and thiS causes a decrease tn the amount of mineraliSing 
agents 1 e condtttons unf a' ourablc for cr'} stalltsa t 1on arc 
created Th1 ~ rc~ults 1n the forn1atton of a rock w 1 th a glassy 
structure or a m1crocr) ~talltne rock ma~c; \Vho~e <..r,stols can 
be seen only under mtcroc;cope Th1s IS kno,,n as an apha 
nt tlC structure ~loreover a porphyrt ttc ~tructure Vw hose 
features arc the presence of ph en ocr) sts of st. paratc rela t1ve 
1) large crjslals aga1nst a grneral back~round of a fine 
grained body of rock IS al 0 t) pica! of erru~l\ c roct s The 
rca~on for the appearance of this ktnd of structure IS that 
as magnta r1~cs to tht.. surface separate m1ncral~ ha' c 
tbe appartunlt}r t<J elDoresce nb1Je !be bdsJC- rock mns~ 
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sohdtfies qmcUy after lava emerges to the Earth s surface 
(F1g 21) 

A porphyrr,tlC structure and less often mlcrocrystalltne 
and aphanzttc structure are characteristic of semi ab:~rssal 
rocks 

~lagmat1c rocks have roatnly a massrz..e or compact tp-x 
turc wh1ch we find 1n tntrusJ' e and effusive rorks or a 

r1b 21 Porpb)rlte Porphyritic structure 

pornu~ lcxture ''hich 1" dne to the pre~ence oi gases In the 
sol1d 1l1ed magma (this 1~ a feature of effus1ve roct.s onlj) 

The condtttons In 'vh1ch rocks formed can thus be deter­
mined by therr structure and te""<turc 

The colour of a rock \Vhich 1s determined by the ratio 
ot b:r1ght Sll1cates (fcld4paT) and dark S1l1cates (Ierromagne­
sian) IS a very Important d1agnost1c feature of 1gneous 
rocks 

In determtntng magmatic rocls 1t IS essential to be able 
to esttmd.te the specific gravity of the'5e rocks hy ~e1gh1ng 
them tn the palm of your hand here the specific grav1ty 
ranges from 2 5 2 7 for ac1d rocks to 3 1 3 25 for ultra 
hns1c rocks 

~Ia.cro~copieat{~ magmat1c l'ochs can only he 1dent1ftcd 
approximately 1n a gPncral Vtay to obtatn exact data one 
needs a mlctoscope 
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AcidUy 
SL01 I In 16~1tor 

Ac~dity 1 mineral 

\c 1 J ro~.. h s 1 G5 75 I Qu1rtz I 

A\ lra~o )s GJ 
ignr-ous 
ru ks 

U1 Ll tOl hS I -tJ 55 I 

U It ra ba 4i\IC I <tJ Oh' ane 
rocks 

rrtnclpal ~tagmahc lloeL.s 
(after A I a' Ia\) 

I 

- -

I 
Rocks wltb br lght &Lllcatcs 

Dark coloured t 
- -

a Llicatca ' with 

1 
wtth I with 

orthoclase nepheline plag 1oclnse 
- -

D10lltC 1 L(f,.anl e Dar1tL 
ua.rlz Quartz 

Horn bll'nde I porphrJry porphyrste 
Augttc Granlte Quarlz 

dtoratc* 

Ilorn blende Trachyte 1\.pphehnc ,\ndcs1te 
BLOtllC Ort ho phyre. S)en1te•• Pot-phyrtte 
Aug,te S)enate Diortle 

! 1\.ugtte I I B1salt 
II ornbll ndc D,abase 

Gabbro . • 

Augtlc I 

Tablt 3 

Rocks wltbout 
brigbt 

slllcatea 

Dun1fe 
Per1dol1te 
P3 ro"'cn1te 

• Not'' Lt h-.,.tand.lflq' stzablP a mount of free quartz 1n the q 11.rtz d1orLte and 1t.s c£ruqtvc analogues tho per 
<"l nt .,ge- o( ~thcon 011de IS small (about 6 J p~r t.enl) tb1s brtngs guartz d1ortlc closo to average 1gncous 
rocks \ ~mall pcrlCntaga of ~llH .. On OXldtJ 1nd1cates the presence of baste plr1g~ocJase 10 lho quartz d10r1le 

•• '\rphlhn~ S) tnltc anJ. 1ts e:tlusr\ e analo~urs are accorchng to prLsent day v1ews separated 1nto 
an LnJt p4.. nJLnt group or al~aiLne rocks contalnLng about 50 per cent S111con ox1de 



A table of pr1nctpal magmattc rocks (Table d), which Is 
a useful atd tn 1denttfy1ng them macroscoptcally has been 
compiled by the Soviet Academician A Pavlov 

'V1th thts table magmatic rocks are 1dent1fied as follows 
1 Determtntng a roc1. s actdtty A rock containing 

quartz (S10l) can he clas~tfied as an acid rock (Column 3) 
A rock conta1n1ng ol1\1ne [("'tg Fe):a S104] ca.n be classtned 
as an ultra basic rock 

The tdent1ficat1on of average Igneous and baste rocks 
1s some~hat more complicated These rocks may contain 
l1ttle or no quartz or oltvtne at all In the latter case one 
bas to dtst1ngu1sh these Toch.s by thetr colour 1n a\ crage 
Igneous rocks there ts a predominance of light-coloured 
mtnerals or an uncrystall1sed ground mass while 1n bas1c 
rocks the predom.tnant colours are dark This conforms w1th 
the general law governing the dtstrtbutJon of colour In mag 
mat1c rocks among whtch a gradual change from light to 
dark Is observed as we run do~n from ac1d to ultra has1c 
rocks 

2 Identificatton of a light coloured mtneral 1n a rock s 
compos1t1on allows us to place 1t In Column 5 6 or 7 of 
the table g1ven above Rocks wh1ch do not conta1n light­
coloured minerals are placed 1n Column 8 '\Vhere rocJrs have 
a cryptocrystalline or apban1t1c structure 1t IS hard and 
somet1mes tmposs1ble to 1dent1fy a ltght coloured m1neral 
VlSUally 

3 'Vhen we have determined a rock s ac1d1ty and have 
1denttfied a l1ght coloured mtneral 1n tt "e shall find that 
th1s br1ngs us to some square of the table For example 
1dent1fieat1on of an average tgncous rock containing pla­
gioclase br1ngs us to the square wtth three rock denomlna­
tlons andes1te porph} r1te aod d1or1 te All these rocks formed 
from ona and the same magma and have a Similar com­
position Their dtfierence 1s determined by the conditions 
tn '\\h1ch magma had sol1d1fied 

The rocks named 1n the table 1n bold t} pe are nbys~al 
(tntrustvc) rocks those named 1n con\ cnt1onal type and 
1n Italics are effustvc rocks semi-abyssal rocks are also 
named 1n 1taltes 

4 ldenttficat.Jon of the .structure of a rock a.llol\~ us to 
class1£y 1t l'tther a~ 1ntrus1ve or effusive If the rock 1s 1n 
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tru 1\C Its name IS determ1ned nt once (1n our c-,:amplc­
diorite) tf 1t lS effusive the tdcnttficalton IS continued 

5 fhe degree of alte.ratton of cffust\O rocJ...s leads to es 
son ttal dtst 1nct1ons 10 thetr te"tture and part]} tn the1r 
mtneralogJcat campo~• t1on tbuc; enabltog us to stngle out 
fresh loo.ktng,. lliSJgnificantl) altered neotype rocks and 
great1~ altered paleotype rocks The former are named 1n 
the taLlc In con\ cntional type the latter 1n 1 tnl1cs 

Tho te\:turc of neotype rocks IS usual!) porous and tJ1at 
of pallolj po roch.s-t.ompact 1f there arc crl st,ll1ne phcn 
ocry:,t~ 1t mJ) be noted that 1n paleot)pO rocks they ha"c­
bcen gr~atl} dJsint~gratcd (J1ght coloured slltcates chongc 
Into kaullntto) Due to var1ous chcmJcal rca~t1ons tho 
colour of the ground mass frequentl) changes ns wt.Jl be 
comJng darker Jn palcot) pe roc.lt.s 

6 Coiun n 4 n.arncs the dark-coloured s1J 1c1. tcs oc~urr1ng 
most frequentl) 1n groups of rocks of n dcfinJtc actdtty 
They arc arranged from top to bottom 1n the order of thetr 
prcuom1noncr., 1n o11c group or another Thus 1n ac1d rochs 
hiotJte 1s tJJc mo~t common \\h1Ic hornblende occurs ltss 
fre<rucntly and augt te still Jc-c;;s frcqucntl~ 

1 ho Jdcntific'ltlon of magmatic rocks may be con~tdcrt..d 
a~ 4 omplL te ''hen tl1e charncterislics of tl1c dark coloured 
m1nerals l1avc been determined 

1 t s1Jon1d be borne tn m1nd that onll' the rno~t l} p1tal 
roc.J._ 'i arc l1~ted tn tho table In nnturc tl1ere arc man l' roc'"'s 
'' htch by thctr con• pos1t a on aro trnn~tlional bet'' cen tl1o 
rocks Jn the table 

lhn commonest of thc~c ore described beJo,v 
Ultra-Basic Rocks These arc 1ntru~1\ c 1Ioloct)stnl1Jno 

r ormn tJonc; They ha\ c a llJgb specific gra\ I l} (about 1 25) 
\\h1ch tS due to thctr rnlncrnlogtcal composition 01•" 1no 
and Pl ro"tenes aro tho minerals formtng ultra ba"lJC rock q 

The~c rocJ..s cont 11n pract1c111) no ot h~r m1neral.s or the SJ It 
calc cla~s PertJotttc pJTO'(Cnllc nnd d un1 tCt nrc rcprec;cn tn 
llV('IS o£ lhtS group or rocJ-...9 

Per1d0t1 te cons 1st~ baslca)1} of oil\ Jnc Tl1cre IS also n 
SlZnblc qunntJ l) or Pl ro:tcnes 

Dunite con~1~ts b1S1c1ll) of ol1' 1nf' cJJromtlc and rn1~ 
nrt1lc are pr-e~rnt ttl mall amounts Thts rock often con 
latns nillt vo pia. t znum 



Pyro:rentte-pyroxcnes are tho dom1nant mtnerals, ol1 
v1ne 15 pre~ent 1n a c:.mall amount Pcr1dotttcs and pyroxe­
nttes usually conta1n tron ehrumiuru and nickel ores 

Basic Rocks PJ-Toxenes taugtte) and plagioclascs (close 
to anortlnte, often labradorltP) are the prlDClpal m1ncrals 
forming baste rocks tn dddttlon hornblende and less often, 
ol1v1ne n1ay be present Dark-coloured minerals g1vc the 
rock 1ts d"rh. hue, the darh.. grey grains of plag1oclases 
stand1ng out agatnst thts dark background Gabbro basalt 
and d1abaso are rcpre~entattves of th1s group of rocks 

Gabbro 1s an tntrus1 ve holocr} stalltne rock conststtng 
of dark p~roxene (aug1te) or hornblende cr)Stals ancl ltght­
colourcd plagioclast crystals The latter are often rcpre­
f:ented h} labradorite Vvh1ch shows a beaut1ful play of 
blue and green Labrador1ttte ~htch consists almost en 
t1rely of labrador1tc IB a var1cty of gabbro Gabbro1d 
rocks aro l1nkcd up 'v1th tttano magnet1te nnd copper de 
pOSitS 

Basalt and d1abase a-re efiustva an"\logues of gabbro 
Basalt 1s a black rock \Vlth a cryptocrystalltne or mtero­

Cr}stalltne structure In thts rock there IS usually a non 
crystall1~ed glass) mass s1de by s1de wtth small crystals 
of augtte plagioclase and ollvtnc Agn1nst the dark back­
ground of thts mass auglt(} and ol1\ 1ne stand out 1n the 
form of small occastonally dotted sh1n1ng phenocrysts 

Dtabase has the same structure and mtncra.logtcal compo 
s1t1on ns basalt but on account of secondary changes a part 
of 1ts compon~nts-o]Jl JDe pyroxenes and amphiboles­
tran~forms 1nto green hornblende, serpentine and chlor1tc 
thts g1ves the rock tts dark green1sh grey hue 

Average Igneous Rocks ln a' erage Igneous rocks there 
are more light coloured than dark coloured mtnPrals Of 
the dark Slltcatest the most typtcal are biotite hornblende 
and, less frequently,. aug1tc Th1s ratio of m1nerals g1\ es 
average 1gneous rods thcJr l1ght colour against the back ... 
ground of wh1ch dark hued phenocrlsts stand out 

D lOTz. te IS an 1n trus1" o rock '' 1 th a b olocr) stall1ne struc­
ture Light coloured mtnerals are represented by plagto­
clases (from andestte to ol1goelase) to wh1ch the rock ov.-es 
1ts l1ght grey or green grey colour, that forms a background 
for cr")stals of dark minerals chtcfiy hornblende Some 
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d1ur1lt._ Jnn) runtnln qunr1z •n "hlrh en•• lhr) nrr cnllrd 
lJllnrl~ diorlt~J Lolnrnr-rclnl 4ft p:l•lt~ ur J, nrl ZinC nrul en~ 
flt r f\Uiphi~lr"' nrf' ofl1 n llukrd up \\ ill1 clinrllt-. :,lnrn Iron 
(ltt" nrl' forlnrtl ''hrrr tllorilrc~ nrt In cnnlnct \\Jih llnll~ 
~loll~" 

1 fl••"l \ P nnnlorrur"' .-,r tJJ1>rJ lr nr1 nllt1r-.Jift nntJ ~~~rri'J 
ra ll nncl tho t uf •1unrtz d iorJI«' nrr dn.ci I r n ruJ qua rlz JlOr 
pll) r1l' 

lnt!c.slltJ h1, n ('-lrph)rillc ~tructur• 
ln ll1nt J:ruu nd tnn~~ 1.. pornu~ ntH I of 
I IJ...h t hru\\ n culnu r &hi n 1 ns, phl'notr) ~~~ 
.J:loc J, ~~ ( nnd t ~~ ll) l1orn IJ ll ndL or llUJ Jlt 

unl 

1 Jn... cr) rt orr.)""­
n li~ht ~rt) or 
o[ Ull (IIUin pl1 
lrt fJUrutl.> stand 

/Jvrphyri It h n~ lhet ~nml' ~trucl url nnd tnlnflrn I corn r(,~l 
t a on ll'~ nud r~l t t nnd i~ I h1 lnllrr II\ pnlt ul} pr nnn lnS:llt" 
J,orJ1h) tl lt ha"' ll lllOfl CO Ill JH1C l ll X l Ufl'" I Jar colour or t!J~ 
~!round •nn ~ 1" tlntL.1 r nnd the- t•lnJ,!IncJ,.;r phrnorr} ,, nro 
1n n \\ nr-'t(' t;lR lo nf prre!icf\ nt i un '' 1lh thl rt .quIt thn t thr) 
frl CJurn t I) lo~l I h( 1r \ 1trrous J u~trL nnd acq u arc nn c-.artla.) 
lrncture 

!1 v~n• te I'S nn Jn lrU~I \ c rock It q prlnCt p1 I m lnrrn Is P,fO 

sodn potnsh felrJ~ p41rs (ort hocln4io nnd 1n1rrocl• nt) nnd to 
n llli;,~rr ~x tent horn bl£lntlc '" Jaacl1 Jf.J p1rt I) rrplnct tl by 
b1otalt ontl occa~•onnll} Ll nu~1l~ Its ..,tructure 1~ l1olo 
cr.) ::.tolllnt usun (f) fill d I Urn grnfnrtl 

frach) lc nnd orthoph) ro nro l ITu"lt \ o nnnloguPs of Sl c 
Dllo 

Tratlly te IS o laglat l ~IIO\\ or ptn~ 1sh porous rocJ... "'1 tb 
n porplll r1t IC structure Cr) stnll1no phcnocr) ~ts ore rep 
rLsen ted h) ~an 1d Jtlc n ~h 1n1 ng '' ntcr tron~par~n t 'nr1el) 
of orll1oclnse and occasl(lnally bJ dark colour!d IUJnerals 

Alkaline Rotks Thc~o rocks oro ch"lrnctcrl~cd b) n rcln 
t1 \ely Jo,, con tent or stiJcon o.;: 1do (t'JO vO per ccn l) nnd n 
consillcrnhll content of nlh.nlJs (up to 20 per cent) 

N ephel1ne syent te 1s n brJgll t coarse J::rnJncd 1ntrus1' o 
rock J ts c~scn tt nl corn ponen ts oro al k n l1 n e fc Ids pn rs n nd 
nepheJJnc tbc ]a ttcr hcJng ~nsil) 1dcntl fled h} tho unc\ en 
fracture nnd the dull or fo1ntly grrnsy lustre Of dnrk col 
ourcd m1ncrals this rock conta1ns alkal1no amplllholcs 
nod p)rO"t;:CDCS 

Lffus1ve nnnlogues of nepheline Sjcnlto occur vcr> rarcl) 



Acld Rocks All nc1d rocks are characteris~ d hl the pres 
encc of qu"\rtz and large quanttt1es of feldspars (ortho 
clasc)~ 'vhtch gtve the rochs a light colour and account for 
th~1t low spee1fic grav1\:y (about 2. 7) 

Gran,te ts an tntrus1ve rocl w1th a holocrystalltne, usu­
ally med1um gra1ned or ocras1onally coarse- or line gratned 
structure Here the rocl form1ng Illlnerals are quartz com 
mon potash feldspars (orthoclase and microcllne) less fre­
quently ae1d plagtoclase and one or several dark coloured 
JUlnerals-Ltottte1 whtch tn some var1et1es 1s replaced by 
muscovtte less frequently hornbllnde and sttll lc~s fre 
quently pyro"'{ene (augite) 

In a quant1tat1ve respect the lead1ng role 1s played by 
common pota~h feldspars wh1ch arc somettmes partidlly 
-replaced by plag1oclase 'feldspars arc e 1S1ly d1st1ngu1shsd 
by the1r clea' age V1treou~ lustre and colour which 1s usu 
ally red whttc or gre)tbh }ellow Quartz IS present Itl 

the form of coloutll~S or smoky grey (up to black) gratns 
of Irregular shape v. 1th a grca-.,.y 1 ustre and an uneven or 
conchoidal frd.cture If together w1th btottte granite con-
tdiDS muscov1te 1t 1s called b1nary grantte 

Under the tnfluc.nc( o{ hot vapours and volat1le com~ 
pounds penetrating along fi~surec; from a magmatiC chamber~ 
gran1te maj transform 1nto a feldspar free quartz ttliCaceou~ 
rock called gret~en Thts rock IS l1nked up W1th depos1ts 
oi t\n tungsten and, less frequently oi molybdenum and 
arsenic 

E!fus1ve analogues of grantte are l1partte and quartz .. 
porphyry 

Ltpartte bas 1n aphan1t1c or porpbyr1ttc.. structure The 
l1ght coloured frequently '\\htte glassy or aphan1ttc grotind­
ma s contains ~parse feldspar, quartz and b1ot1te phen 
ocrysts 
Quart~ porphyry ts a tro.n~formed l1par1te and has a com­

pact more or less dark (brown brown red bro\¥D vellow 
or grey) ground mass Impregnated w1th greatly dt~1ntegrated 
orthoclase and shtny quartz. cr}stals Pheno<:,tysts of d~r~ 
rn1nerdls are seldom present 

Bestdes the rocks named tn A Pavlov's table and dP 
scr1bcd above n1ent1Qn must he made of a number of other 
t()cks whos~ fo-rmatton ls ll.ke"tse assottated w1th magma 
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Pegmatttes are ve1n rocks that formed during the Jast 
stago of the solidification of magma enriched \V1th volattlc 
::,ubstances Pt.gmatltcs associated "1th acid granIte magma 
arc the most common They nre dtsttngutshcd b} their macro­
CrJ-stallJno structure 1n some cases elongated crJStals of 
quartz and fcldsp1.r arc lntert\Vlned \\ 1tl1 the rc~ult that a 

pattern rcmini~ccnt of anctent }lJCroglyphs nppcar'i on tho 
cle1.v ngc faccc; ThJS 'artct) of pcgmat1 to IS called gr1ph1c 
granite (F1g 22) 

Pegmatatcs consiSt chten} or feld~par nnd quartz thouJ:!h 
tllc) ffi'l} at~o contain mica These rocks are l1nkcd up\\ Jth 
dcposlts or feldspar m1ca and quartz as \\ell ns of man) 
r tre ~nd rad1o1ctJ' c m1nera Is 

Obszdlan or z.oltan1c glass IS n l1omogcncou" crlstnl 
free ma~s of dJCli!rent chcnlzcal composltlon Tl1c most 
common obstdlans tool llhapc dur1ng the cool•ng or ocrd 
Invn Thcl arc usual I} or , dark r:olour (up to b1ncl) and 
hn\ c a v1 trcous lustro and a eoncho1d a I fracl ur~ 

Pun~l~e IS a porou~ non CfjstnlllnC rock \'\hlcll rormcd 
dur1ng 'olcantc eruptions of gas r1ch mngmn Decau~e: of 



tls porous structure pumiCL has a ver) low s_pcc1fic gra't 1t~ 
(It floats tn \vatcr) 

Al"o o\v1ng the1r formatton to volcnntc eruptions lS a 
group of rocks known as p)roclasttc rocks \Vhcn volcJ.noes 
erupt t1ny p1.rt1clcs of molten Ia" a rock and mineral dcbrts 
are eJected 1nto the a1r together "1th '\\ atcr 'a pours and 
gases Loos~ accumulations of sucl1 part1cl.PCj form lolcanzc 
aslt or tolcanic sand (dcpend1ng on the s1~c of the part1clls) 
Larger fragments kno,vn as lapzllt (small stones) and tol­
cantc bombs ~re also eJected Cementtd "olcan1c ash 1.nd 
sand form a compact roch called tolcantc tuff ll'htch often 
conta1ns larger fragment~ 

Sedzmentary Rocks 

As distinct from magmJ.ttc rocks sedtmentar) rocks are 
formed on the surface of the l1thosphcre surface as a rebult 
of the .actton of 'vater, a1r or the organtc kingdom 

'Vh1le the 1nter1or of the lithosphere consists almost 
entirely of magma tit rocks 70 per cent of 1ts surface mass 
1s composed of ~edtmentary rocks The !led1mentary roantle 
1s In general not thtck In s;ome places 1t IS only several 
score or hundreds of metres thtck but 1n ccrta1n areas of 
the harth s crust sedimentary rocks reael1 a thtckncss of 
15 20 k1lometres 
The~e rocks occur 1n d loose state and also tn a compact 

or sol1d state Loo~e rocks are ettber dry, as for 1nstance 
sand or betng compact 1n a dry state read1ly absorb 
mo1sture tiS for 1nc;tancc, cla~ 

Sedtmentary rocks ma.y be Ltther loose or cen1ented 
For example sand may tutn Into sandstone and gravels 
Illa) become conglomLrate In the ca~E.- of cemc11ted rocks 
the compos1t1on strength and denstty of the cementing agent 
should he determined The compoS1t1on of the cementtng 
agent may vary ~'lostly 1t IS compostd of different chemtcal 
compounds prec1p1tat1ng from the \Vater Clrculat1ng be 
tween fragments It may be a) calctfcrous "hieh ts 1dent1 fied 
by react1on w1th hydrothlortc actd h) t:Jilletc wh1ch IS Idcn 
ttfied by ltS great hardness and somettmes lustr~ c) ferrl­
ferous whJch 1s Jdent1ficd by a chdrac.,terlstJc ltllol\ red 
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or bro,,n colour and by a J11gh spccJfic gravlt) d) cla)el 
\\l11ch gets oakcd quite easiiJ. and so forth 

It lC3- of great practlcaltmportnncc to dctcrmJnc tl1e po 
ros1ty of Joost scd111lentary rocks wb1cl1 s]Io,-....s tho degree 
these rocks are permeable h) '' atcr oil nnu so on 

PorosJ t} \arieS '" tth tile tl po or rocl For C"tam pic ... In 
the ca~c of sand porostt) \ ar1cs from. 28 to 40 per cent 

t - = ....... ___ ... .._.. -. ---..........-........_...... == .... 

ft~ 2J Strtaltfication of scd•mentar) r()( ~.s 

the n\ !'r~ge helnJ:! abou l 30 32 per ccn l 10 t.ln) c; 'l orten 
~lccrdq 50 5~ per c~nt Sonu~ hnrd (monoltt]llc) rorJ...., arc 
nJ o porou.q, Lut tll(lJ r poro~1 t) • ., con~J dcra bJ) Jo\\ {lr for 
1n 11 nrca 1n l1rnr tonrs 

'' 1nl oti:[ d lffi( nt 1r1 rock q ar!' ~tra I 1 ficd The fnrrnnt Jon 
of a Jal t r ~~ connrctr(.l '' 1lh t h£t cond llJoni\ of ( tJ tint n ld t1 on 
1\ l•ght chang'L 1n thr c cund 1 t 1on'~- J~ods to changl ~ tn tlJc 
dt po 1\(Jd m at:rartn1 an out" nrd ln"lnJ(~'-tln.t 1on of t lu~ l!­
the- n ppl."ara nc£" or d J ITt r( n t Ia} { rs ( rJg 23) Jn 8 rork TIIC 
la1 c ~ .nr~ dt"llln,h'UI be-d from tach oth~r b} th~ compo~i 
llOD ~ the !IZe colour and d rn ll) of th~ ~trueturc or tfu~~ mJn 



eral grains In some cases, all these features ex1s\ s1mul 
taneously, 1 e the compoC3Itlon, colour s1ze of grains and 
denstty of one layer d1ffer from those of anotltcr 

Depending on the condtttons of scdtmentatton~ we can 
d1fierent1ate between normal (horizontal or nearly horizon-­
tal) .. cro~s diagonal and other beddings There are sed1men 
tary roc.I\.s 1n 'vhich no strattficatton 1s obser\ ed for 1n 
stance, limestones deposited In the sea as a result of the 
v1tal act\'\ 1ty of reef hu1ld1ng cotals and plants 

On the ba~1s of the1r origtn, sedimentary rocks are d1 
vtdPd 1nto three matn groups 

1 fragmentary or clasttc rocks wh1cb owe their for 
matton to the mechan1cal disintegration of roc] s and the 
accumulation of rock fragments 

2 chemical rocks wh1eh were formed through the pre 
ctpltation of substances from soluttons 

3 organogenic rocks which tooh shape as a result of 
the '\ltal act1v1ty of organisms 

'Vhen as 1n the case of magmatic rocks sedimentary 
rocks are Identified attent1on should be pa1d to thetr mlner­
alogical composition and structure The mineralogical com ... 
pos1t1on 1s an Indicator ol onll chemical and organogenic 
rocks clast1c. rocks may eonta1n fragments of a vartety of 
mlrterals and rocks The make up of sedtmentary rocks 1~ 
sho,vn by thc1r structure which IS defined chiCfl) h) thl 
Sl7.e and shape oi the fragments oT CT)stalst and by thl­
texture 1 e ,. the arrangement of these fragments tn the 
roek 

A dcscr1pt1on of the most common sedtntcntary roch.s 
1s gl,en below 

Fragmentary Roch.s 

Accordtng to the s1ze of the fragments In them these 
rocks are dtvidcd Into tl1c follov.,1ng groups 

a) rudaceous or pc;.cphttlc rocks con~Ist1ng of fragments 
w1th a diameter of o\er 2 mm 

h) arcnnceous or psamm1tte rocks consiSting of frag­
ments \Vlth a rlJ.nmetp.r of Jx.om D D5 !o 2 mm 

c) m1cro-fragmentnl or powder roelt; (aleurtte) cons1st 
1ng of fragments w1tb a diameter of from 0 01 to 0 05 mm 
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d) fino frngnlLDtnl (nrg1llnctous pellllc) rocks cuns1st 
1ng of fragments \\Jth n lltnmctlr o[ lc"-~ tl1an 0 01 mm 

b-cvcrnl clusst ficn t1ons of clnst1c rocks 1n \Vh 1ch tl•e 
above tncnt1oned s1zcs cf tho fragments sl1ghtly 'nr1ed 
have been proposed 

Rudaceous or Psephitic Roc! s 

These rocks cons1st o[ frogmen ts \\1 tl1 n d1nmct£llr of from 
2 fllll1Imctrcs to several metres Depending on tl•c s1zc and 
shapo of tl1c fragments o.ntl on the texture the) arc clns 
Sl fied llS f oll 0\VS 

Blocks-angular fragments \\llh n dtamctcr o£ over 100 
mJlllmctrcs 

Roc h. uaste-angular fragmcn ts '' 1 th a d1amcter of from 
10 to 100 mllltmctres 

Landu aste-angular fragments "\\tth a d1ametcr of from 
2 to 10 m1lllmetrcs 

Boulders-rounded rolled fragments 'vJlb a d1amcter of 
over 100 mtllimctres 

Pebbles-rounded rolled fragments \Vtlh a dtamcter of 
from 10 to 100 miii1mctres 

Gratel-rounded rolled fragments \\lth a dtamcter of 
from 2 to JO mJJJJmctrc.s 

Rocks cons1st1ng of cemented unroundcd fragments are 
called breccza If the rolled fragments are cemented together 
the rock IS called conglomerate 

When tdent1fy1ng pseph1t1c rocks attention should be 
pa1d to 1) the composition of the fragments 2) the shape 
of the fragments If they are rounded the1r shape should 
be studied 1n deta1l because this 1\ Ill help to elucidate 
the1r or1g1n (for example marine pebbles are usually flat 
wh1lo rtvcr pebbles arc egg shaped) 3) the s1ze of the frag­
ments 1f the rock 1s composed of fragments of d1Clercnt 
s1ze the range of the diameters and the dominant s1ze should 
be 1nd1cated 4) 1f the rocks arc cemented attention 
should be paid to the compos1tton denstty and strength of 
the cement1ng agent 
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Arenaceous -or Psammltlc Rocks 

Sand and sandstones wh1ch are very widespread, are 
arenaceous rocks 

Sands are loose or compact rocks conc:.tsting of fragments 
wtth a dtameter of from 0 05 to 2 mtll1metres In sandstones 
fragments of the same ~tze are cemented together 

Depond1ng on the size of the fragments sands and sand­
stones are d1v1ded Into coarse sands coarse gratned sands 
medtum grained sands fine sands and fine-gratned sands 
for the composttion of the fragments In them they are often 
quartzose because chemtcally quartz ts the most stable 
mineral Grains of feldspars mtca, glauconite carbonates 
and other m1ncrals may be m1xed ~ tth the quartz gratns 
If one of thec:-e mtnera1s predominates tn the rock the name 
of th1s mineral ts added to the wo:rd sand (for example 
glauconitic or green sand, micaceous sand, quartz sand 
feldspar or arcose sand) Depending on the composition of 
the cement sandstones can be called ferrugtnous calcar­
eous stltceous and so on 

Sands and sandstones are 1dent1fied In the same \\ ay 
as psephtttc rocks 

M'crofragmental Rocks 

Loess and loesc:. l1le loams are typ1cal representatives 
of the~e rocks 

Loess 1s ltght Jell ow or straw yellow rock composed 
ehtefly of 0 01..0 05 m1lltmetre quartz and feldspar particles 
Wtth nn adm1xture of clay part1cles and ltme The latter IS 
prettent In rock e1ther In the form of small, rounded particles 
(lime nodules) or Jn the form of dtfiusc dust, ctther of v.hteh 
can be eastly detected w1th the atd of hJ drochlorie ac1d 
"'htch cauc.cs loess to bo1l Loess IS eas1ly pul\ er1sed Into 
n fine mealy powder It has a1.h1gh poros1ty (40-50 per cent) 
and JS per\ Jous to 'vater 'Vhere huge ma~~es of loess nccu­
mulnte they form h1gh 'erttcal cl1ffs 10 ratn channels and 
dcpr~SI:ilons In n dry stato loess IS durable and wtthstands 
b1g londs (11~3\ y COllStruetions) 

\\ ct 1oc s Io es tltc bond1ng bet\\ecn the const1tuent 
rragments nnd gro~s compnct w1th the result that crncls 
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and sub~1d~nccs form on 1ts <urfncc Ilougl•ly up to 10 pF!r 
cent of \ ol umo JS lost '\ ltcn mo1~t urc JS nb5orb('d and 
tltzs Jc,ds to tho destruction of tl1o structures ereclcd on 
1oess 

1\fnn) ~cJrnttstq nro of tho opJnJon IJJnt the form.ntion 
of loe.:;c; ts d uc to col1nn (\\ •nd l1ornc) nct1on 11 o\\ c\ er re 
Ct n t StudJcq I 0 tJJC U S S fl "hO\\ th '\ t tn \ tlrJOU~ rrg1ons 
lore:~ IS or (}J ffercn t origin It c 1fi IJC fornl~d of c:;cd I men ts 
dcpos1tcll not onl) b) lht "1nd but nl~o tl1rough tl1e nc 
lton o£ '' ~ tcr nnd n"' 1 result of cl u vtnl processes 

Loes~ liA.e loams 1rc dtstJngui~hcd from loc~s b} tl1c 1n 
cJu~10n of COO'ildCr1blc qunntJtiC~ o£ minute partiCle~ lD 
addition to conr.,c (0 01 0 05 rn•ll1mctrc) dust parltcies 
Loe~s l1J..o lo1ms lire frequently vcr} porous and contain 
carbon 1te~ l1J...c Ioesc; some I onms dccrca~c 1n \ oiumc "l1~n 
they absorb mo1sturc If ll1c- content of cl1) p1rt1clcs (Ic s 
tb1n 0 001 mt11Imetrc) 1s h1gh tbc~c loams do not sub 
s1de 

A number of sand) 1tgillaccous rocks (sandy loams and 
loams) belong to th1s group 

Fine Fragmental Roch.s 

Common clays wl11Cb are partially products of the nc 
cumulat1on of minute mcchantcal p1rt1cles and partially 
products of the chemical decomposltton of otbcr rocks are 
fine fragmental rocks Kaoiin1to nnd montmorillonite are 
the most l) pica I m1nerals of w1IIC}l ~.ria} Is formed Cla)' com 
po~ed of knolJnttc IS called laolJn nnd In the absence of 
ectogenic Impurities 1t 1S wh1tc Clay composed c}11efly of 
montmorJllonite 1s called bentonrte and Its colour ranges 
from w ht te to gre) 1sh green 

'Vhen JdeatJfy1ng tho colour of clay attenllon should 
be paid to the motsturc content because the colour of dry 
clay IS not .,~ 1nten e as thnt of damp cla:\' In 1 dr)' state 
clay cnergctJcal1y ab~orbs moisture and becomes "a ter­
restsling a property th'lt.,sharply d1stingu1shls 1t from sand 
througl1 '' h1ch '\a ter freely percolates Dry clay IS earthy 
and Js ens1ly ground 1n to pol\ der 1n a moist state 1t 
1s plastic and tnkcs any shapo Imparted to 1t pre~erv1ng 
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this "hape after drying A shtny streak Wlll be llft on the 
~urface of clay 1f a ltne 1s drawn wtth a finger na1l 

Clays that melt at a temperature of approximately 
1 700(JC are called refractory cla)s Some variettcs of clays 
excellently abso1b gre'l~e 'l.nd o1l and aro for that rea~on 
uued as fulling cla}S for cleantng grease from "ool and 
broadcloth 

In nature cla-y may be m1"{ed 'vtth sand sucl1 clay lS 

called loam If loam contatns gravel rock waste and bould­
ers 1t tS called boulder loam I 1tl1tfied boulder loam IS 

Cdlled t~lltte Clay \vtth a b1gh content of carbonate of 
ltme IS called clay ntarl 

Consol1datcd clay rock wh1clt 1s hard to break and ab 
sorbs l1ttle mol~ture 1s called argllllte 

C J~, e m l c a l a n d 0 r g a n o g e n l c 
Rocks 

Chemical and organogenic rocks wh1ch form ma1nl:,. 1n 
'' atcr bas1ns arc Interconnected bj a number of tran"tt1ons 
In some cases 1t 1s rather d1ff1cult to establtsh tho affilta 
t1on of a rock to onl of the above menttoned groups 

Tl1e structure of cllcmtcal rocks JS detormtncd bj the 
S\2C: oi the. crystals of the eon~t1tuent m1ncrals (coarse 
grntned mcdllllll &,rained close gratned or fine gra•ned) 
\\ lt1lo that of organogeniC rocls bJ tho prc~Pr\o at1o11 of tl1e 
co~t1tucnt remains or by tbG affiltat1on of the ldttcr to 
soma o:rgantsm 

ChciUlC1.l and orga.nog~n1c rotks are usunlly classtficd 
accortllng to tl1ctr cl1tmtcal composltton 

Carhonaceous Ilocl~s 

L,mestone con';tsttng of calc1tc 1, tl1c most common of 
tl1cso rock') All tlte properties cl1nractcrtsttc of cnlcJtc can 
be u~etl to Jt.lcnttf} l1mcstone Tl1o mo\.t exact Jntllcatton 
Is t1Io rcdct•on '' tllt ll) d rochlortc ac1d Llmcstone'5 arl.. 
l1~U'\11y \\Utlc or 1Jg1tt }ll)o\' but tbc colour can be changed 
up to l1lnck h} 1mpur1tics Limestones ore of orgnnogcnte 
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or LllCnlll nl ur1g1 n J n tho fnr1nl r t...ll"'-l tho roLk con.,1 ~ts uf 
orgnn1 c remntns \\ l11Cl1 oro no~ nl \\D) 9 tlctccta b]c \\ tllt tl1c 
nnkcd C) c TJ1c org1n1c remn1n"J mn} Lc 1 nlnrt or sltnttrrcd 
Attcnlton sl10tllll bo pn1tl to tl1o tlrgJTc of pre"cr\ 1t1on os 
tl11s 1 nd Jrotf)s the cond 1t1ons tn '' l1JCl1 tho ~cd •mcnt '' ns 
dcpo~• tctl tor c'tnmplc l•m~stonc con--lJsttng of small fr1g 
mcnts of ~hells formed dur1ng a turbulent mo,cmcnt of \\atcr 
on thn becl of n bus1 n '' 111lo "'cd 1 montntton ''as 10 progr~ss 
1 c tn slioal \\ ntcr cond 1ltons 

If It IS po~slb lo to ul cntlf) the rcmn•ns or \\ llJC]I tho 11 me­
stone cons1~ts tlJC'so remo lll'i g1 \ o liicJr nnn1o to tho 
ltmcstonc for 1nc..t 1.ncc fusui1 nn corJI br1rh 1opod J lltlt'~t one 
anti so on L•m(lstonrs cons1st1ng of mollusk'l sl1ells nrc 
cal1ctl coqu 1 na (~l1cll l1mcstoncs) Cl1nJJ... IS n spcc•al t) po 
of org.anogen1c limestone nnd usunll~ COllSJsts or till) slu .. lls 
or sl•cll fragments of fornm1nlfera and of the t-alcnrcous 
sh.t..lctons of mtcroscop1c nlgac 

0! tJ1c IImc~tones of cl•cmJcnl or1g1n the folio\\ 1ng 'ar 
Jetics aro dt~t1ngu1shcd 

1) compact fine cr}stu11Ine aggrPgattons compact or mns 
stle llTneslone--,,hoso cr}stall1nO structure can bo deter 
m1ned onl} by .a mtcrosropc 

2) oolJttc ltnlestones nggrcgat1ons of fine spl1erules ''1th 
n t..oncho1d al or rnd •a ted structure and hLltl together by 
calcarcou~ cement 

3) tufa or tralert1ne-b1ghll porous aggregattons con 
stst•ng of m1crocrl stnll1nc t alr1te th1s rock 1S formed ''hero 
ground '' J.tcrs seep througl1 to the surface tho surplus of 
u1s~ol \ell calc1um carbonate prcc1 p1tatcs from thcso '" ntors 
nntl forms a porous rock 

4) tl1e formnt1on of sta lactttes and ~ talagmlles \\ htch 
nrc stntcr forms of talcito ~~ l1nkcd up \\Itll undt.rt,rountf 
\\atcrs the} hang from tho ceilings of subsurface tnvcs 
nnd rtse from thc1r floors thctr fracture IS usuall) coarse 
gra1ned 

JJ!arl IS a rock compo~cd of calc1te and cia} particles 
(30 50 per cent) Out,\ardl} 1t rc~cmhl~.s ltmc~tone lts c111cf 
th nract e rtst1 c 1 s tho react 1 on \\ 1lh h1 d roch lor1 c ac1d '' h 1 eli 
lea\ cs a spot on 1ts surface Th1s spot ts tl1e result of a con 
centrat1on of clay particles \\bcro the reaction had taken 
~laee 
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lJo tom1te I<s a ruvk compu~t..tl Ll.ltLfly uf thL IJttllerdl of 
tho ~ame name Out,,ard1y 1t rlsembles limestone and 
dtiTers from tt by a '\\cak react1on '' tth hydrochlortc ac1d 
(see mtneral dolomtte) It Is formed mainll through a chem­
Ical transformation of calcareous sediments ''1th ''h1ch 
1t 1s connectcrl by se' cral transitional rocks, anti through 
precipitation from aqueous solutions 

Stltceous Rocks 

SiltceollS rocks can also be of chemical or organogenic 
or1g1n One of tho latter tJ. po IS di.atom~te '"lttch IS a "ery 
l•ght '' htte or l1ght J. ello\v rock It IS a so1ltng rock \Vhich 
1~ easily ground Into fine po,vder an{\ IS composed of tho 
t1ny opaltne skeletons of diatoms 

Out\\ardly there 1s hardl~ any <ltfferenco bet\\ ecn tr~ 
pollte and dtatomlle Tho former conststs of small opal gratns 
''1th an allmtxture of dtatom sl1ells anJ the remains of tho 
stllceous skeletons of rad1olar1ans and sponge~ Its cl1arac 
ter1~t1c features are a lo'' specific grav1ty ('\htch 1s eas1ly 
determined by '' e1gh1ng a fragment of th 1s roc h. 1n the palm 
of the hand} and an ability to absorb motsturr avidly 
(stlcls to the tongue) 

OpoJ a 1s a hard \\l11te or grey to black rock '' 1th a con­
tholdal fracture \Vhen struck the hardest '¥aricttes hrlak 
'v1th a spcc1fic rtngtng sound This rock has a some,,hat 
higher spcc1 fie gra'\ 1ty than trtpol1te Investigations 'VIth 
a m1croscope sho,vcd thatl1ke tripolttc opol a conststs of opal 
granules and the remains of the stl1ceous skeletons of \ drl ... 

ous organ1sms cemented b) ~tl1ceous md~Crtal Thts rock ts 
po~s1bl~ tht product of the transfonnatlon of d1atomtte and 
trtpolttc 

Stllceous SEnters or geyser.,tes are a l1gl1t multtcoloured 
rock that forms round the outcrops of bot sprtngs ,,}lose 
v. atcrs arc saturated '\ 1th s1l1ca 

Ferruglnous Rochs 

These rorls Include tron protox1de and Iron o~1dc \vh1ch 
formed on the Earth s surface 1n lakes and bog~ as well 
as 1n the turf level of meado'' mantles These depos1ts 
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ktaO\\ n ns fcrru~anous I tiff ntL fiUILo '' 1dr~p~nd nnd often 
form he'd 'l of Jncuc;trJ nc l1og or rnrn1lo\\o on, \\ l1u: h mny 
bo usc(l for tho n1nnufnrturo o[ lton 

1/alo;m and Stz/fJhate /loci s 

lin logen nnd ~u1 phntc roc h~ are of r li~nltcnl orJgl n TJtc 
mo t comrnon l1nlogt11 rotk l'i roc/ salt ,,Jut h u~u,IJ} forn1S 
l1gl1t rolol~rrtl c r1 '"'tnll• ne oggrr~1.t lOil'i ron"t t 1 ng f}f n11 ncr.rnl 
hnltlc Tl1c rolour of thIS rock ~1 e-p( nfl~ on t ha d 1 ffcrcnl 
mo~tJ1 mcrhnnll11 IutplltlliC"S 1 n t h~n1 Dcpo~• t ~ of roc 1. 
~alt nrc oftcil 'C'tl ln rgl nnd fornt nn 1n1pnrt 1nt Lnc:t. for 
tho rhcm1 c1l 1 ntlust r~ I lot k "nit frrq u£"nl I) nltern1tes '' 1 th 
anliJ cl r1to (CaS041 nrul canrlJic-17 con1poutuJ.s t onta1n1ng po 
ta~s•um ~oc.l•um nntl mngne~•um 

Gypsur1t JS n '' 1tlcsprcad rock It mn} he coar::c gruJnccl 
fine gra 1 ned or somct1mcs fibrous ( C'lcn1 tc) 1t ~~ u.sunll} 
''111tc but somctJmcs 1L n1n~ be p1nk bluo or some other 
ltgl1 t col our 

Carbonate~ boratcs and sulphate~ of potosc;Jum and so 
l11um occur lcsCi frcqucntl~ hut aro 1mportnnt cconomlcall) 
For c"'amplc there ore lal rs '' llll d.rpos1ts of carbonale of 
sodlum (1n \\ c~tcrn StbcrJn tl1o Tran~hatkal Area Gcor­
c•n) and borates (around Lako Indcrn) ThcrP nrc dcpos1ts 
of saltpetre 10 tho Doron1no rha1n of Jakes Jn tlto Tra.nsba1 
kal Ar<.a llflrabtllte 1s produtcd 1n l\.ara Bogax Gol on the 
Casptan Sea 

Bauxztes 

Baux,te IS a rock composed cl11Cfl\ of nlumlntnm liy­
dro-,;!dc (AI 0 211 0 J U:,ualll 1t IS a l1ght) rllo,, rctl bro'' n 
red or occasionalll \\htto earth) or ooltllC mass It IS a 
'\er) Important nlum1n1um ore 

C a u s t o b z o l ' t IL s 

Caustoblo}Iths or combustible rocks arc formed organo 
genicall.} and consist of organic compounds 1\Iost of tltL-m 
ate of great ccononn_c Iml_)o.ttance Tho most vw1dcsprcad of 
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these are coals representing vartous degrees of the decay 
of vegetable remains 

Peat IS a more or lLss loose, )elloVY bro\' n or black roc b.. 
composed of 'Is1blc 'egetahle remains It Is formetl during 
tho partial put:refact1on of \ egetat1on 1n aqueous conditions 
''•th an tnsuffictent tnflo'v of OXl gcn Of the caltstohio­
ltths peat has the Io,\est carbon content (52 62 per cent) 

Broun coal (I1gni t£..) 1s a rock v,.btcll '\\as formed as a re 
sult of tho derompo~Jtlon of plants tn the 1bsence of air 
''h1ch leu to the accumulation of about 70 per cent carbon 
It 1s a compact dark bro,,n or black mass \v1th an earthy 
or rarel) a concbo1dal fracture and l\sually a dull lustre 
Its streak ts dark bro,,n 

Coal contains up to 82 per cent carbon It 1s a black roc,l 
\\htch l'l more compact than l1gn1te and has an E'arthy or 
conchoidal fracture. a dull lustre and a blarh. str£ak (soils 
hands) 

Anthractte Is formed as a result of a deep metamorph 
1sm of coals under the Influence of h1gh temperatures and 
pre~sures and conta1ns up to 95 per cent carbon It IS a 
VefJ l1ard g~y1sh black -rock ''1th a strong submeta\l1e 
lustre lts fracture 1s uneven, conchoillal It IS a compact 
rock and doe~ not ~o1l hands 

Combust&ble shales are a rock of mrxcd or1g1n (clrtst1e 
and organic) formed on tho floor of bastns £lurtng the SI 

lllultansous precipltntion of clay parL1clcs and fine organ 
1c ooze (sapropel) Combustible ~hales arc tl11nly lamt 
nntc<.J lta\c a dark grojo or bro,\n hue. anll gt\ o off n b1tu 
tntnous odour \\ l1cn tllC'\ arc hltrne"d 

Econom1cnlll Important rocls sttCll as pctrolcltm and 
lltc products of 1ts alteration (asphalt antl o.zohcrllc) aro 
nl~o clnc:.~d ns cau~tobtoltths 

It l1ns Lt'cn cstabl1shcd tl11t l'etroleum 1S a product of 
the dcray of plant and an1m1.l rcma1ns Sc, c.rnl hl pothc­
~cs l1n\c bct.n ncl\ anced to c'pln•n 1ts ortg1n The most 
proLaLrc ono Is that sapropel (putr1d s1IL) '' lltclt accu1nu 
latcs on the floor of lagoons or tn r1" cr dcltns at tl1c C'tpcnso 
of orgnntc rcmatns IS 1ts source matcr•nl Tl1c furtl1er 
trnnsformnlion of snpropcl ttndcr h1gh prcssttres 1.nd tern 
~cralUre'; lca.~\s to t\1o loTnlU\.1011 of ga~eou$ nnt\ l1qu1d ll} 
droenrbons of \\h1ch petroleum lS composed Pres~uro cause" 
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l flL 1H I l n rn lb rnt l JIll u u\ l rl) j ''b. ~I n1 t 11 ''Ill n.. 1 t ~trrurrnt 
In t rq 1 n porous rn1 J... fil ( .n n« I q ~ n nd "t onrq ~on1l ' n rJ rtrr, ol 
I lrn~"tonC'~) l'rt'~rnt tJ n) oi I dC'po~•l «~ nre rein tc~l lo lbr c 
ror~c; 

)•l t role urn •q n romp ICtt m 1 xl uro of J1.QUJd anrl gn-:rou.s 
IJ)•lrof'nrlJnn"\ Out\\nrdiJ. 1t 1q n ltgl~t oJfl fiQUJff \\llfl 11 
sp.vr I fie orl our r>, I)( uti In~ on t II (l ro nl pocu l Jon t IJ 0 (0 lour 
'nrll c; front llPntl) '' lltl{' ) cJ Jo\\ n nd n tl l•ro\\ n to dn rJ... 
hro\\ n on rJ corN.'" flu nd 1 ng I) 1 t ct 'i (ll t 1 fiL grn' J t .l ' a rJ rs 
fro1rt (l 70 to 2 0 

,~-t sphnll nnd o ol crJ te ur m inrra l u ax n ro n r~o rn 1 "tl ures 
of l1) d rororLuns n nd nrc- }Jfo(J U( t .._ uf tJtc nll tnJnorrhoSI3 of 
cltrr~rc-nt o1ls (tiJo forrnt r of nnphlh£'Jlt o1l~ arul tl1c 1nltt'r of 
p1.rn £11no Lns(.. o1 J!)) Out'' nrtiiJ tJJ~l t n1t l1nrd IJ: ]Jc d1st rn 
gu 1 ]J~tl from £1nr 11 othr"r JJot h nrt I.Jro'\ n or blur J... compact 
oggrrgat1on.s \\1 tl1 n grra~l I ustro nntl n JH tun11 no us odour 
L.nclJ lJn"i n tlJ ffcn nt ~pLr 1 fie gra \ J tl nspl1nl t......_ 1 I 2 ozo 
L.cr1tc 0 8 0 '17 

ltfetamorp/Jic Rocks 

1\lctamorpbtc rocks aro formed 1n tlcap seated laJ ers of 
the Enrtlt tJ1roug11 tbo rccry ~tnlllstJtion of mngmat1c nnd 
sct.lJmcntnrl rocks under tl1o Jtlfluer1co of JJJgh temperatures 
nnd pressurcc; nnd also dur1ng tho •ntcract1on of the~L rocks 
l\ 1 t l1 tl1 o 11 at gases em ann Lt ng from magma Thc~o proct sscs 
result In a metnmorplioSIS of tl1e pr1m,r) structure and 
tc'\:turc of tl1o rock nnrJ of 1 t s mincralogtc 1J and rllLmlcnl 
compos1t1on 1\fct 1morphos1s m 1) ta.b.e placl 1) '' l1cn 
mounlains fold dur1ng an Jntcn~o contr'lctiOJl of ru( 1~ 2) ''hen 
mounttuns substdt.. 1nto deeper zone~ '' l1Lrt- tJ1{} come 
under tho prc~suro of O\ eriJ 1ng beds and the In flucnc L of lJ.Jgh 
temperatures 3) dur1ng contntt \\Jtlt magma 

l\Ictamorphic rocks ha' o a holociJ stall1DC stroct urt and 
follatctl banded or fibrous tc-'\:ture Tltc oribln of these 
te"t:turcs IS nssoc1atcJ '\lth tl1o pcrpendtcular orientation 
of tl1e long a "<es of tl1e m1nernls to the actual prcs~ure 

The follo,v1ng arc tho '\tdesprcad metamorphic rocks 
Gnelsses are banded and sch1stoc:o rocks con~ustt.ng of 

quartz feldbpar nnd m1ca or hornblende Biotite musco 



\Ito and mlLa gnc1~ses also occur Gne1sse~ may form as a 
result of tltc metamorph1sm of magmnttc rocks (orthognei! 
scs) or thougl1 the transformation of scd1mcntacy rocks 
(paragnetsscs) 

Clay shales reprtscnt the lDitial stage of tltc transforma­
tion of argillaceou~ rocks These transformations arc so 1n 
S\.gn\[icant tlla.t some sc1cn\.1blS attc tncllnc.d to classtfy clay 
sl1ales ns scd1mentacy :rocks Cia~ sbdlcs are dtst1nguisl1ed 
from the latter b~ a "ell defined sch1stostty In parallel 
to 'vhtch tho clay shales break ens1ly tnt a blades '' 1th a 
dull lustre 

In contrast to other metamorphic rocks the1r structure 
IS not holocrystalltne Out,vardll they arc Simtlar to clays 
and l1ko the latter have an l artl1y fracture antl a dull lustre 
hut do not absorb '' atcr 

PJ1y lll tes represent the ne~t f5tagc of tho transforms 
t1on of argillaceous rocks They ha'e a holocrystall1ne 
usuall~ itne gratnl d structure that cannot be d1stingu1shed 
''Itb tht. nalcd e)e hut \\hlch IS manifested 1n a deep usu­
ally Silk; lustre on the surface of the fracture along the 
clea,age Phyllttes cons1st of t1ny mica and quartz scales 

~~lea scltlsts are formed as a result of the furtl1er meta 
morphos1s of arg1llaceous rocks Tl1cy ba\ e a '"'ell defined 
ltoloccy~talltne structure :and a iol1nted texture and con 
s1c:;t of m1ca and quartz They are diStinguished from gne1s 
ses by the ab~ence of feldspar \VbPre mtca predom1natcs 
the sch1st 1s called mu~covtte schist, biotite sch1st and so on 

In add1t1on to the rocks enumerated above there are 
a number of other metamorphic rocks '' 1th a holocrystal­
line structure and a fol1ated te""<fure These are un1ttd under 
the name of crystalllne sclttsts Depending on the predomt 
nant m1neral tn them these rocls aro known as talc s~htst 
chlorite sch1st and so forth 

Chlortte slate or sch,st IS composed of scaly schistose 
gta1ns of chlorilo \VIth an adm1xturo of quartz Talc mtca 
feldspar and magnetite are encountered as accessory mtner 
als 

Talc scltlst Is composed essentially of talc and has a low 
baroness a htgh refractoriness nnd a greasv fc~l Tale sch1st 
1s used as a luhr1cat1ng matcr1nl nnd alba for tbe manufac 
ture o.f tefractocy brtcks 
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1/omjels nrc n mctnmorrl11C rock tl1nt forms durtng the 
contnct ntclnmor)JbosJ~ of nrg1llnccous nnd oiJust\O Las1e 
rocks 'l liCj a ro a '' l1 J tc grc)- nnd so met 1 mcs p1 n k grc~ 
compact rock '' 1t11 n conc]JOJd nl frnct uro and rons1st of 
guartz ntitl 1.UlJ)lJJbolts '' JtlJ an tnsJb.DJfit.-ant .admJ \lure of 
hJolitc musco\ 1tc apot1tc and otl cr minerals 

nuurt:1te consists ,\)Joll.) of rcc.-rl "tnll1~cd, gra1ns of 
qu 1 rlz 1 L l1 1s o lJolocr) ~tnllJn(l glncrnl1) fin(, gra1ncd struc 
turc nnd n mn~-s1' c rorcll fol1otcd texture }lure \ urJCtJes 
of quartz•tc nrc ''l11lc or l1glJt grcJ. but Impurities m.aj 
chango tl1c colour to o red bro,\n cr1msort etc Tho for­
m.ntlon of cjunrtzitc 1s due to the metamorphosis of quartz 
oaz1d~ ~and.stQilCS and other SJllccous roLl~ 

Ja~per 1s a liard compact and br1gl.Jt or multicoJourorl 
rock cons1~t1ng of flnc gra1ncd quartz or challcdon.l Hcma 
t1te epidote chlorite nro present as Impurltic~ 

A!arble a transformed t.~rbonatc rocJ...~ JS a typ1cal mot­
amorplll c rock 1 t 1 ~ mostlj moss1' c scJ d om shall- , and 
consists of cnlc1 tc gra1ns of mort- or less cqunl SIZt.. Quartz 
lJornblendc pyro""eno ol1" 1nc and somLtim(..s fcJJspar 
aro present tiS Impurities and dctcrm1ne the colour B.Ild pat 
tern Especially purt.. 'ar1ett(..S of ftnc-gra1ned marblL aro 
used 1n sculptu~ 

l\Iarblcs coloured by \8rJous IrupurJtJes are used as a 
,aluable ornamental stono In tl1o US S R It Is quarrtcd 
cxtcn~I voly rn tl•e Urals .h.areJ1a tho Crimea the Trans 
caucasus C(..ntral Asia and man) other places Cr..) stall1nu 
dolomite IS \Cl') Simtlar to mnrble but consists of dolomite 
gra1ns L1h.e marble It JS used as a buJJd1ng and ornamental 
stone 



f"\.OGfl\OUS PROCI:SSES 

111e Earll\ s rcltef 1$. nat \)crmancnt lt changes constatlt­
ly i"3 a re~ult of the act1on of'' atcr \\Ind temperature flue 
tuat1ons anti so on Tl1ese changes 1n the Eartll s topograpl1y 
are due to c"\.tcrnal or exogenous cauc.:.es 

1 ct us e-xamtnc tl1c nature and rcsul ts of tl1c action of tl1e 
Wlnd SllO'\ and JCC '\tiler flo\\lDg on the :Cart)l 'S surface 8DU 
m1grat1ng Into tts d cptl1~ '' atcr 1n rc~cr'\ otr~ and ponds 
and other external forr.ts The aCrtion of tltcse forces 1s atmed 
at flattening out tllt Lartll s surface destro) 1ng moun 
tatns b) the gradual C"<JlO urc (dcr1uclat1on) of nc'v rock 
hottzons and transpotLing dcmoltsbed matcrtal 1nto )O\\er 
lytng areas 

ROCh. \'E \Tll"E Rll\G 

ll'eatllertng 1c; a collecLIVC term untting tho mcchantcal 
tllcmtcal and btologt~al (organic) processes that tab.P place 
on the L.arth s surfa(.e as a rcsutt of temper 1ture fiuctua 
t1ons the free.t1ng of '\ ater the action of the o"tygen and 
carbon dtoxtdc ID tl1e o.tr and atmospheric prccipltatton as 
''ell as the action of organtc ac1ds tn tl1c so1l \Vc diStin­
guish het\lfecn mechantcal (pllysical) cbemJcal and btolog 
1cal ''cathertng but 1t IS oftc11 dtfficult 1f noL Impossible 
to dra\v a clear diSltnctton bct,\een them Jll naturo they 
u~ually act Slmultancou~l) 

.Alec/tan real (teathertng Tl1ts ts prJnctpally dlte to r-hangcs 
1n \.l1e temperature oi m1ncralc; and rocM cau~ed by 
ttmpcrature fluctuations of tl1o a1r and 1n some ca~es by direct 
heat from the sun Mmcrals and rocks expo.nd \\htn they 
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oro J•c.ntctl o ud LoJttrncL ''hen tliCJ nrt coult..d Th 1s CXJlBD 

SIOJI and contrnctJon JS 'r!J JlrgiJgtlJio but '' l1cn 1t IS con 
stantl} repcntld O\ cr n pcr1od ol 11 untlrctls ond t1Jousands 
of l con:. 1t ultinlntcl) tn 1kcs 1 tsclf felt Under tltc tn nucncc 
of tl11~ rcpt.ntcd controLtJoJl ond cxpnnston tl1c adiJe.saon 
bet\\ cc n tl1 o gra 1 ns 111 n rot..l grad unlly '\ en kens tl1c co a rscr 
tho grn IDS tho foster tJ1c nubcSIOD bet\\ ~en tJJem \\ c.1kcn.s 
hr!co.usc fine gra11Is do not t '\:}1and as muth n.s coarse gra1ns 
Tl1c ~oluur of a rock 1s also 1m porta nt Dark. coJourLtl m1nlr 
als and ro(..ks oro l1cnted fnstcr ont.l con~cquenll) Jitcrcasc 
lD 'oiumo qu 1clt..r than !1ght coloured m•ncrals and rocl...s 
Tho nt.Jhcsion blt\\ccn tho gratns tn a motlo} rock (for JD 

stance granJtc \\h1cb constbts of black tell ant.! \\h1to m1n 
crnls) \\eakcns fa~tcr than 10 rocks of a untform colour 
Th1s 1s duo to tho fact that gra1ns of d1IfcronL colour nod 
composition hn' o tltclr O\\ n coefficient of c t"pansion JD 

consequence of \\hich n supplcmcntacy stress IS se..t up be 
t\~erJJ t.bnm ''l1on UIBJ expand 

1\lulticolourcu coa~e grained rocks offer the least rc~1st 
anco to temperature chnngos Daj t1mo hcat1ng after a 
cold Dl,bht stnrts a ucsquamat1on proc..css \\bile cool1ng 
causes rotks to crack In the course o1 tLnturics of altcrna 
t1on of contrdction and cl.pansion ttnl cracks appt.ar 1n 
m1neral bod1t.S At first In\ JSlble to the eJ. o thcl' grttdual 
]j expand causing monoltth1c mineral or rock to diSintegrate 
'lhe mc(..hanJcal d1srupt1on of a m1ncral mass Intensifies 
during sharp d1urnal temperatura changes Sharp tempera 
tore changes aro obscr\t..d 1n spr1ng and autumn cspcLJall) 
lD reg1ons '' 1tl1 a continental c!tmatt.- for Instance deserts 
''here the rock ~urlaco 1s heated 1n tho da) t1mo to 70 C 
and cools do\\D to zero at n1ght ln deserts the tbangcs 1n 
the 'ol ume of minerals aro part1 c ularl.> g1 en t and phj s1 cal 
llCathering p!al's a \Cry Important role 

\\ atcr faci!ttatcs the actiOil of heat and cold In ratny 
'\leather rocls become l\~t. and thLn dr.} aga1n th1~ rc..peatcd 
'' ett1ng nnd drying \\ t.akcns tl1o aJhcston btt '' cen parLJc1es 
of \\ h 1ch rot-ks consist \Vater tlJ at freezes ln the fino pores 
and cracks of rocks pla)S an even b1gger role Jntt..nse tem 
perature changes nrc observed 1n the poJar l"C.(,Ions and they 
g1' c r1so to ''hat 1 s ln O\\ n as frost \\eo. thcr•.ng \\7 ater turns 
1nto 1rc '"hen the temperature faiJs bclo\v zero 1ncrcaSIDR' 
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tls \ olume by one elo\ cnth Tl1us 1f durtng tho day \Vhen 
the temperature IS abo\ e zero \\attr f1lls a votd. 1n some 
crack It '\Ill tend to \\lden th1s crack '"hen tt freezes during 
the n1ght 

Enormous pressure ''htcll sometimes r1~cs to as h1gh 
as thousands oi h.1lograms por square ccnt1metrc ts e"'tcrt­
cd by frcez1ng ''ater on the ''alls of a crack Thert..fore 
1n rcgtons ''1tlt considerable dturnal temperature fluctua 
ttons (especially from pos1t1\ e to negatt\ e) mechanical 
''eather1ng mnntfests Itself 1n a 'ery 1ntens1 ve manner 
and leads to the format1on of talus ''h1ch cons1sts of numer 
ous fragments accumulating at tho base and on tl1e slopes 
of a demolished cl1IT Taluses are a~tattc and d1filcult to 
tra\erse On the plane surface of cliffs rocks dt~tntegrate 
through ''eather1ng and turn 1nto continuous placers of 
boulders 

Atmospheric electrical phenomena also Influence roclrs 
Ltghtn1ng breaks up rocks or melts them altogether for 
Instance Iooso sands form1ng fulgur1tcs These phenomena 
are ho\\ ever relatt' ely rare 

Chemrcal Weathering The action of tho 'tapours and 
gases tn the atmosphere and of sun ra) s leads to chemtcal 
changes In the composition of minerals and rocks \Vater 
'a pours condensed Into l1qu1d may conta1n In solution 
'artous c;ub~tances ''htch 1ncrcase the solubility of mtncrals 
1\lolsturc enr1cl1ed 'v1th organiC ac1us 1s not onl~ a dtssolv 
ent but also starts such 1ntr1cate processes as hydrol)sts 
and ox1uatton 

To gi\C a clearer Idea of chemical ''eatber1ng '"e offer 
a formula sl1o,v1ng the rlecompos1t1on reaction of feldspars 
under tl1e actton of atr moisture and carbon dtox1de ''htch 
leads to the formation of soft kaoltn (l1tlJomarge) from 
soltd fclllspar 

NnzO Al 0 3 GS10 +nH O+CO =Na C03 +S102 nH20+ 
+2H 20 Al OJ 2St02 

Untler tlJa IIIfiucncc of a1r moisture ~nd O""<)gen the ''cath 
er1ng of sulphurous m1nerals of pyrtto for c'.amplc pro 
cccds 1n mucl1 ll1c ~a me ''a). t rclcastng ferrous sulphate 
and S\l\p\\Ut\C nc1u 

FcS2 +8H2.0 +70=FeSO, +7H20 +H2SO. 
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F1g 2" Deslruct1on of 
a cltff hy the roots of 

a tr£-c 

\\'h~n on h) drous rocks arc subJeCt 
l o cl1 em 1 ca J '" ea tJJ crJ ng tlJeJo some 
tames nbs orb '' atcr and do' clop 1nto 
hl' orates Stmllarl} anlt~ dr1 to turns 
tnlo gypqum (CnSO<~ +2II 20=CaSO, 

211 0) anti Iron glance Into limonite 
(2F~ 0 3 +3ff20===2fc 0 3 3£1~0) 

These trnnsformnt•ons arc 'cry 
'' tdcspread 1n n1.turc 

Sodium cnrbonatc potnsstum car 
bonate 11laJ1 ~ulpJJatcs .roJJoJdaJ 
solltllOJ1ii of silica tl1at rap1d I) dJssol' c 
In \\ ntcr nrc nl ~a formed tl ur1ng 
ell em• cal \\ eathcr1 ng Pen etra t 1 ng 

Into products of \\ catller1ng ntmospltcrtc ''a ter (rain 
melt1ng sno\') d1~sol' cs and C\ arualcs them 1nto deeper 
1a"} crs lnsolublc products of '' catlicrtng (cla} t;,and rock 
'vasto gruss anc.l so on) remaln oil the surface 

Biological or Organtc lVeathering The pre~cnrc of 
m1cro organJsms In tl1e uppermost laJ. crs of tl1c Earth s crust 
1 ncrcascs tltc Jntcnsl ty of cltcmital react 1ons Titus accord 
1ng to \ 7 I ' 7ernadsh.l feldspar y1clds to hiolog1cal \\cother 
1ng only \\hen bacter1n parttcipaLo In tl1c process \\1lcn 
\\ater and carbon dtO"<lde arc the only agents ''eatlicring 
han:J ll affec.ts feldspar 

Organtsms nltor rocks mechantcall} and clicmicall) 
Litiicns and mos~es colonise the surface of rocks absorb 
nutr1cnt substantcs from them and therchl dcstro) them 
The roots of plants also c.lcstro) rolks mechanicall) and cbem 
Jcall} (Ftg 24) 1\lolcs ants and earth '' orms loosen rocks 

A '' ea tl1cr1ng crust takes sl1a pc d ur111g all processes of 
'' cather1ng Tl1o Immo' able part of tho '' eathcrtng crust 
from \\htLh soluble salts arc \\a shed 3\\ &) b) prcclpitntton 
Js ta1Jcd elull 1m '' l1cre tllc 1\ catl1erJng crust 1s enrJcb.ed 
'' 1 tl1 the prudu( ts of tho '1tnl act1' It): of "ar1ous organisms 
and 1s part•all) rc,\orh.ed b) them Jt IS called soll From 
the soli plants absorb nttrogcn potass1um phospl1orus 
caltlnm suphur 1ron copper mngncs1um Ol.)gcn ll) dro 
gcn and other c1lem•ca1 compounds ''h1ch tile} need far 
thcl r nu tr1 t ton and aft cr ti.J CJ , .. 1 titer thcl not onl) ret urn 
t bcc_c subst anccs to the soil but also g1' c 1 t the substances 
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that the" had absorbed from the atmosphere In the process 
of photosynthesis, plants turn carbon dioxide Into starch 
cellulose and otbe:r organ1c compoundst '\ h1ch after the 
plants d1c pass 1nto the sotl and undergo further changes­
deca\, putrefaction and so forth Plant tissues turn toto 
ne'v compounds tl1at Interact l\'Ilh mtneral parttLrlts A 
part ot the"e compounds lS accumulated tn the sotl In the 
form of hum1c substances ''h1ch distinguish soil from rock 
and male 1t fertile The remaining compounds evaporate 
or arc carried a\vay together \\Ith '"ater 1nto deeper hort 
zons 

So1l Formatton The vegetat1ve cover pial s a prominent 
role 1n the formation of sotl nnd therefore 1n d1fferent cl1 
mat1c and geobotan1cal conditions of the Earth s ~urface 
th1s process procPeds In d1fferent '\\'ays Depending on the 
\-ype oi vegetnt1on and changes that n plant undergoes after 
1 ts de~tb. dtfferent 'ar1et1es of so1l are formed But be 
cause the vegetatl\ e cover IS connected "1th cltmatlt con­
dlttons thl. sotl var1et1e~ hear the marks of cl1mate The 
climate tht vegetatl\ e cover and sotls are thus tnterrelated 

According to the late Academ1c1an Vas1ly \VIlltam.s, 
so1l sctence or pedology must e~sentially be constdered 
a chapter of geology devoted to the study of the processes 
taktng place 1n the surface hortzons of the lithosphere 1mme 
tl1atelj conttguous to the atmosphere and h; drosphere 
w1th the dtrect partiClpatJon of the biosphere 

The nccess1ty of studying the so1l as a natural h1Qtor1cal 
body was first advanced by 'as1ly Dokucha)o ev founder 
of Russian geologlcal 'Pedology who sa1d that sotl ~hould 
Le called the day or external horizons of rocks (no matter 
wh1ch) that had been transformed naturally through the 
combined actton of \\ater atr and var1ous living and dead 
organlsms In th1s connection he stngled out natural so1l 
iorm1ng agents among wh1ch he Included the part.nt rock, 
t1tc cl1matc the \cgetat1on the topography and the t1me 
(the ago or the SOli) The maJor taskS of pedology may be 
formulated as follows 1) stud~ of the or1g1n of the parent 
rock under the Influence of external geologtcal forces 
2} study of the or1g1n of tho sotl from the parent rock un­
der tl1c tnfluence of Jntrudtng organisms It 1s apparent 
that the sotl o.s well o.s the parent rock and all geologtcal 
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forces (1nclud1ng the organic ktngdom) arc In a state of con 
stant development The so1l 1s tl1ercfore stud1ed on the 
has1s of genet1c and evolutionary prlnciplts 

As we hn' c alr~ndy mcnt1oncd tl1c Earth s surf1ce re 
eel\ cs a mantle of sotl through complc~ mccJJanJcaJ chcJnJ 
cal aud bJologiral wcatl1erJng The sotl s fert1l1ty JS the 
bas1c feature dJstJngutshing 1t from other rockq lly 1ts or1 
g1n soil ts composed of a) ltard m1ncrnl particles b) organic 
rcnJatn~ c) a llvtng population d) ground 'vnter and a1r 
Hard part1clcs of ~oil cons1st of min£'ral and organiC sub 
stance~ the £ormcr almost al\Va)S prcdominatJng 

In so1I tho most widespread m1nera.Js are quartz fcld 
spar and m1cn flakes calcite g) psum and fcrrrc o,;:Jde arc 
found occasionalll In add1l1on there are more or lcc;s 1m 
portant accumulations of zeolites clay particles I aol1n1to 
and montmor1llontte 

The mintral parttcles In soil can be d1sttngutshcd by 
their s1ze Thtrcforc a cllara.ctcrtsation of soil must 1nd1 
cate 1ts mcclianlcal composition 1 c the s1ze of tho mineral 
grains 1n 1t Tho name of varlOU!:J. soils depends on tho con 
tent of large and small particles 1n them There arc thus 
ston) sandy silty argillaceous and other so1ls 

In so1l organic matter 1s usually represented by humus 
'vhich g1\ cs 1t '"\rJOus t1nts of grey broVwn and black De 
pending on the natural conditions In ''l11ch so1l forms the 
quant1ty and t} pc of humus may he d1ffercnt \\Jth thr 
result tllat the colour of the ~o1l IS not uniform c1lhcr 
Ilumus forms through the dccomposttion of the remains 
of plants antn1als ond micro org.an1sms products of thctr 
v1tal act I\ tl) arc often obser\ cd 10 humus As they dccotn 
pose organ1c rema1ns lose their or1g1nal ~hapo and. become 
darker or brown Starch celluloso and albuminS are the 
fir~t tu decompose ~ oody fibre (l•gnitL) rcs1sts decompo 
sttton longrr 1 he m1ncral part of plant tissues JS preserved 
tn tl1c l1un1us together \\.1 th tJ1e organ tc part 

DasJC111) humus consists or hlghl} stable humiC degrnda 
lton rna ttcr Th c l} pe of humus c\ 1dcn tly de pcnds on IIJc 
plants [rorn '' l11Cit 1t for1ns In the podsol1c 01 Is of the 
northern r~g•ons of tlJc U S S It "1th tJJcJr con•rcrous for 
csts lh~ hun1us bas a l1ght hue and a h1gh ox)gcn con 
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tent It contatns very lattlo stnb1c ltnmic m~ttcr 1nd n large 
quan 11 t): o£ otltcr '' atcr ~ol u blc molllll sub'tlanccs 

Ground \\ 1.ter pln) s an 1m 11ortant role 1 n so 11 d 1 ~.,sol'-
1ng nutraeut sub~tances and tbtts nllo'' Jng thLm to be ab­
sorbed by the roots of pl1-nts Tl1ts '' 1tcr mny be u~~cr1bcd 
as a so ltltJon or m 1nera I and organ 1 c substanCL ~ \\'herem 1ncr­
al matter predominates In the c;olutton tl1e ~o11 IS ~nr1Ll1ed 
Wtth ~alts (for tnst~ncc wh1tc alhnl1 so• I~) ''here tl1c solu 
t1on conta1ns n Iorge qu1nt1ty of org1.n1c m1.ttcr peaty 
so1ls result sometimes tl1crc ts onll n small amount of salts 
and org~n1c matcr1al as 1s often observtd In sand3- ~otis 

So1l a1r has a dtffcrent composttlon than tf1e a1r of tho 
atmosphere Complex rcact1ons of tile dccornposltton of 
o.rgantc matter take pJ'lcc 10 tl1e so1l Jncrcas1ng tl1c carbon 
d1o~1de content ~nd rclc1s1ng gases not contatncd 1n the 
atmosphere So1l a1r has less ox)gcn tllnn atrnospher1c alr 

Sotls hnvc a 'cry diverse populat1on large I) cons1st1ng 
of macroorgantsmst of ''h1ch there are tens o[ mtlltons tn one 
gram of .so1l Tho largest number of mJcroorganJsms JS ob-. 
served around the roots of plants 

The composttlon o[ SOils IS constantly tnfluenccd by c]I .. 
mat1e factors and procc$ses accompanying tl1o de\ clopmcnt 
of plants So1ls undergo vcrl' great changes as a result of 
man s actlvtty 1n ploughing and fcrttltsang 1t and also 1n 
culttvat1ng 1t by 'ar1ous otl1er methods 

Geographzcal Dlstrzbution of SoliS Sot! 1s 1nflu 
cnced most of all by cltmate and plants On tilt, Eartl1 s sur 
face the cl1mate changes from north to soutl1 tho satne 
change lb observed as regards v~gctatton Thts phenomenon 
Js responsible for a ccrta1n regularity In the change of so1ls 

In general so1ls are d1str1hutcd 1n belts accordtng to 
the climatic zones (Ftg 25) 

The followtng ma1n sotls are dtst1ngutshed 1) ,tundra
7 

2) podsol!c 3) grey forest 4) chernozem 4) cliesinut 
6) ~rown so1ls of J.rid ste,~pes 7) desert ( re or pale grey) 
8) wh1ie alkali and saline and atcr1ttc 

The cl1mate of the Extreme Notib h-as a negatl\c mean 
annual temperature At lo\v temperatures the air IS ver\ 
hum1d and cvapor&ltion ts therefore. Inconsiderable Annual 
prcctp1tat1on ts low-250 .3Dn mJJJJmetr.es OllJDg to the 
negatJ\ e mean annual temperatures tl1ere 1s a layer of 
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prrJnnfrn .. t n l n clflpllt of n bon t hn 1 r n lnrl ft nnfl nntrll rnr1 
lr"-1- Til J,. In)~ r J~ ltn prT\ lnu• f n "'n IPr ''Jill I hCt rr~u Jt f h 1 l 
Jlrrri pll n linn rn llrr l ~ n11 1 hr urf nrr hnJ:!" lnp It up 

0 [ \<'~{"tnt to 1\ t lt~ ~ a rtt illl(\11\\' \. R ttrt l"- ~ (l ( lt\0•" { f\ \ n t~ t 
Ia r I u n) n r It I h r r h n J: L ( t -.Is;: r ru-. h) ~ n11ll h n 1 h"' ( c I o u I 
hr-rr) hlurh~ rrJ lli. 'l rl.._ rr}) ~ 1\\ nrl b1 n h n n I '' •lin'' ~t1l\\ 1 n 
I hr -..nut h or l h • .,. lr( It "'i)UH n n ""' f~r l ht l un 1M nrl tlt \ nhl nf ......... 

H"Y sr 

F1 go .!. IJ l1 ~r1 nl s ln1\' In., t l.1o d{!\ r 1 opmrn t of t 11~ !lOll r orm ins::­
prores! tO tho } urO(l(:1n p:~rl or I he U S 5 R (nftrr 7o.L.h1r0\) 

I \\a&t inlt "" J of I un UJ J-IN"UrnulatJon nr btlmul 3- 'flt:Uhln 1\\I)"Or 
It 0 1- lrrurnuJaU not B () 1-l(t.lrl tn~: of Cacu 11....-lr.a bJn: of t...a~O f-
11 U IZlU la U on of l.:~Cn J-'" IJh I rt~rr, .,_, 'y of!\ ICJ ~ ~ ll It! If- lJC·eumul .il tl0£1 of 

C~'U to- rrrrlr hauon ot aolutJre t31tl 

SOli nPcn liSO of thC' ]n\\ l~ffijl('rnlur£\q In tho t U nt1 r1 plnnls 
(lct:ompo.c;o 'c-11 sJo'' Jl ~ n farro~ '' 1ttclt l~ps to 1util(l · 1fp 
l uri hctTs '1]!Q cui11l1 llon_, nrc uurn, otirnLJc for -u~n nit.. li£1.' 
'!!!'1 ll1c ~o1ls there fort LoBUli! n \ t r)_ littlo l1 iiinus "]J endo\\ 
'~getntio11 occurs onts• on tl1c pcall ~oi Is o[ tho rf\ l r 'nll~l s 
Fon.st \~gclnl\on \S somcl1m~s fount\ on tllc tu.ntlra s 
soutl1crn bou1ulnr) 

Tl1o climate ts some\\ l1nt m•ltlcr soutl1 of the t untlr1. zone­
'' l1c rc me-n n n nn un I t t'ffi p~rn t tlres nrO 1 o\\ bu E po'"'i ti \ e th-o 
'\: 1 ntcrs sl1ortcr nnd tho summers '' nrnlt'r Tho so1l 1s thor 
oughly '' nrmcd tl1ero Js no pcrmnfro~l Tl11s 1s the forest belt 

Glnc1nl mora1no 1s the hns1c surface roc-k 1n th1s zone 
Sand uopo~l ts products of moral nO \\ a.s11CU b) glncJnl streams 
occur 1n ID'' 1} tng areas The annual prec1patat1on 1s GOO 
mlllJmcttc~ some of tl11S '' atcr pcreolatcs t.lccp 1 nto the soli 
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and 1nto the rocks beneath 1t The bas1c vcgetattvc cover con 
s1sts of fore~ts contferous forests (ta1ga) 1n the north and 
mtxed forests (contferou'l and leaf bearing) 1n tho south 

A dti~erent l1nd ot humus forms 1n the forest belt than 
1n the tttndra zono The reason for th1s IS that the trunk~ 
needles and lea' es contain rcs1ns and tanning matter ''htch 
are absent tn herbs These arc actd substances \\Ith a 
small nitrogen and ash content \Vood so1l therefore has 
a d1ifercnt bacterial composition than tundra c;o1l In geobot­
any the decomposition of fore~t organ1e mattrr Is called fun 
gus decomposition after tl1e name of a group of lo,,cr plants 
'vhtch play an 1mport1.nt rolo in th1s process Deromposi­
tion produces an acldl~ fa1ntly coloured \\ater soluble 
humus and the sotl gets a yello'v t1nt 1s 'ar1ous ac1ds d1ssol"e 
Thanks to the relatt\ ely h1gh bumidtficat1on alkalts and 
lime arc \Vashcd out from sot) and C\ acuated Into deeper 
lal crs The upper sotl layer 1~ 1ng at a depth of about 20 
centtmctre'; from the surface gets a most thorough \vash1ng 
\ 'Vhen the so1l profile, 1s e"i:am1.neJ. 1t ~an b~ seen that only 
the topmo-c;t layer containS some of humus ''btc.h servos as 
a Ctment1ng matlrtal The layer bcneatll_It.~; ..... \\ho~L _,vh..1.t1sh 
hue gr'te~ It tho appearance Or ash, IS called the oa~OlLC 
layl.r lt1s a poor·S'atl because ~utr\gnt:sul!st~nccs are._,).as e 
out of It 'So•l 1nto \\hich subStances 'va~hed from O\:Crly1ng 
strata pen~trate l1es beneath tho podbol1c level Those sub 
stances act as a ccmont1ng agent and dlso dctermtnt the col­
our and other features of th1~ layer Thts soU. 1s usu_ally 
P~.le :y_eUo'v on top and the enttrc la) er IS d1vtded Into s'mall 
shar~ edgqd R9hhedrons (nuts) \Hth depth the la)er turns 
reddish bro,\n a~d dtsintegratts Into larger .10illti!lgs1 _oc~a­
stonall In the forili of small Eloc[s or 1llars 

o so lC sot an so are on tho '' ole relat1' e], poor 
hut fertiltscrs make thcnl as produrti\C as chernozcm 

'3outh· of· tho forest belt stretches the steppe zone This 
ne'v cltmatte and geobotan1e 1one has an even reltef and a 
dry cltmate The long ~ummcr IS l1ot the '\V1nter tolattvely 
short and tho spr1ng tlla'v somct1me'C) beg1ns as early as the 
end of February 

Hero the so1l 1s thoroughl} ''armed and at tho same t1me 
''ell a1rcu, thant.s to 1ts poroslty l\-Jtb tho resul~ that plant 
and anrmnl rematns decompose completel) Th1s produces 
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(nrgo flUOnllllr.c; or \\Rlf'r ~O)U}))O J1UffiU'I ,\lucJa comlunrs 
''llla the •ron nn(l ltrn£' 111 the liiUII thu~ firml) con~ol~rlnl1ng 
1 n 1 t 111c l1urnu~ c..1t1nlrtf qo1l fnrnl4tl n In)' r lhnt ~orne 
t1mr~ n nt hC'fil n tlrpt h o[ I 00 C'l nt 1 mrl n ~ The n hu n~r n nco of 
llun1us g1 \ C"'i the ~oil 1ls ltl.ack colour l1cnco tho nr.t mo 
chernoJlr' • 

Tllo qu 1nll t) or hunlu~ J It lhQ Soli of lhtt Stl'ppo helt JS 

not u ru form C\ ~11 '' hl n._ J n nn.ns ntiJol nt ng forr~t~ tho hu 
mus ront£'nt 1.; c::n1n llc-r thn n an the open st!'ppe The qua nl1 t) 
O[ llUffiUS grn41 U1.l() drcrt nses \\ J tf1 depth 0 ntf tho SOil DC 
qu1 res n l•ght <'olour 

Tllc l ntcrlncd Ill tO b(l) t or £rf:Ti /nfCSl soil) repre~nt I ng 0 

trnllSI liOn frnOl rhcrnozrm tir pod oJ IC SOl J u~ualf\ l!CS he 
_t \\ Pl'l}_ rhcrnnz( rn ~lPppr q 0 nd jorgt l rnrt c; n( fo~~ts Wil}t.pmJ 
soltc sa1l A st.ru~~lc goC'~ on 1 n Cl• Js nrc a brt n C( n tlto forest 
anti tho steppl J Jus 1s duo to the ogc old fiuctunt1ons from 
rno1st to t.l11 \\ h 1ch rc~ults 1 n on o ltern1 L 1 on hct '' ~(tn fort'st 
and st(\ppc 'rg~tnt1on I or e~nn1plc 1 n \\ C'St UhraJ no n nd 
''est of tnc Vr1ls l11C belts of forests altl'rnnle '' 1tb belts 
of steppe I 'lnd he nrc the D"lnlc fore~t ~tPppl A t r.anstt 1on 
from <.llc:'rno zem to potl o l1 c so1l or ' 1 co ' cr., 1 1 s o h'"-r'r\ cd 1 n 
tl11S nrcn 

Gro f m c1 titer nnt ur1.ll '' IHJn the struggle 
bct\\ccn the stc o nnd tho fort'(\t h.P~ laco. un~ cr natural 
cont 1t1on~ 1 c l\Illiout man s partlt..Jpatlon or ns n result 
of 1ntcr\ cnt1on by mnn \\ llo de' olops no\\ lands cuts t.lo,, n 
or burns out forests t1lls tho potlsolu ... so1l nnd flrtill c::cs 1 t 
Tho "cgc tat 1 vo co" cr chn ngcs rnd 1 cnll) the forests gt \ 1 ng 
~ ay to cereals and grasses 

Gre) forest. lands nrc more generous tl1an pod~ol1c so1l~.,. 
.hut .... thty a_ro _11_qE a~ !ertllc ltar do they ha \ o= sml1 l'nlu~le 
phi Si" c 0.1 Eropcrti cs as tYPiCal stc p pl:' cliCrUOic ms · = • 

Mo tho soutl1 eust steppe soils ehnnge tnto chestnut so1 ~ 
th1s bcJng duo to n ~hll.rp c~tan~_m the cln~atc to annual 
prccipltD.tlon 1~ helo'v 250 m1rirric[rc~ tito ~~mmcr 1s long 
fUld hot n nd the \\ 1n tcr IS sc' ere and rc Ia t 1 \ely sl1 art' Tl1o 
SOtls licrt.. an. inade uatLI !atutateJ \\1 lli --,uoi;'turc and 
tl1e ve m, t 1ere ore a so c u nges t 1c sou thorn 
chcrnozcm steppes \\1th tliOlt abundnnco of fcntl1cr-grnss 

* Dcri\ cd from tl•e '"ords chernaya. zemlya '\hlch mean blacl earth 
-... Tr 
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and sheep s fescue gt\O ''ay to fescue \\Orm,,ood stcpp( sand 
st1ll further SQ-ntti• to purLl~ ''orffi\VOO(l steppes Here tho 
so1\ foTmtng protcss 1s also dl{i~r-cnt tho SQ1ls })c1ng of_a 
dark bra'' n colour Belo'' tl1e cbernozcmLZ zone tlic cl1est 
nut soil~'co.ntatn mn sllglltl} btggcr quantity of }lumus and the 
colour ch1nges from dnrl to ltght chestnut 

These cbe~tnut sotls arc nutr1cnl r1ch ,nd U\tttc fert1lc 
But because' of ~}1o }]'v ·preCiptt~-tton farmtJ;~g JS :Q9SSIP1e 
only '\hero the so1lts ~rttfictall 'vatered nnd otl1cr mca~urts 
an. a en to accumu ate an preserve motstllre ~n 1t 

Chestnut ~o1ls gra ua y y1e to rolln sot s tl1e reason 
for this betng thd.t tho clU!J.ate. 1s dryci; an . 10 k tt mperaturo 
fluctuations cover a btgger ra-nge than 1n the -prect ding ... zoifi: 
'!'lie sotls are rich in soluEie salts anu contatn vcr) l1ttle 
humus ,. , 
.,...Sotith of the bro,vn so1ls l1cs a belt of desert 'v1th grey or 
pale gre 01ls The mean annl1al prectpttatton does not e"\: 
Cle tntll1mttrcs somettmes falling to as lo'v as only a 
few mtllnnetrcs Very constdE rable s91l tempcra~urc fl~c 
tuattons (from 85 C 1n summer to 15° C in ''IntLr) are 
otser\eu a I 

In tl11s belt the vegetat1ve coverts not conttnuous devel 
op1ng ma1nly ln early spr1ng and 'v•ther1ng to,vards the 
c.loso of the same season Grey so1ls contatn a large quantity 
of calrtum carbonate and al~o soluble salts such as ~odtum 
cl1Iortde sod1urn sulphate and magnestum sulphate Tho 
abundance of ltme and htgh ash substances and the lo'v hu 
tntc content make these so•ls 1nfert1le Drytng up they 
break up Into soparat.o particles and are eastly d1sper::.ed 
\rar1ous 5ttlts carr1ed b) captllary \\aters somct1mes 
accumulate 1n Io'' lytng areas 'vhen.. ground ''aters are 
nearer the surface 

Despite the1r nat1vo stcr1l1ty grey ~otls are qu1te fcrt1le 
When tJtoy arc adequately \\- dtered They are cultt' a ted 1n 
tl1o C~ntral Astnn rcpubltcs of the Sov1et Un1on ''hero sk1l 
fultrrigatlon has turned separate desert areas 1nto flo\ver1og 
oases 

h-..w., ..... e___.a"':"llk~a-.......~ and !lallrie sot~ form on soluble ~alt contatn 
tng roc s 1n ry ar~as 'v1t a tem crate ''arm or hot cJJ· 
mate u£ o e o\'\ uml l y an 1ntense e'\aporal1on 
rtaptl[ary streams o) grounil '\ at'tr carr) the 'vatcr soluble 
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salts to tl1e ~urfacc fhc more salt there ts In the rock or 1n 

the ground '' atcr tl1at mot~tcns tl1e rock tl1e more 1ntcns1' ely 
t.lo tl1c sal1no so1ls do,clop Frcquontl} thc~o so1ls form nc; a 
rcsu It of oxccss 1' o '' ntcr1 ng t.l no to un~k1lf u I 1 rr1 ga tt on 

aterltlc sot s (terra rossa) l1ke\\ 1sc form In areas '' 1th 
..P'-c:es~1' c um1d1L) .h!Rh tempera turcs and lu"CurJant '~go 
~atloD lbo l!_bonllant prcclpitation anu l!!.g.h tcmEcraturc 
subJeCt rocks to 1ntcnsi\o \\ea&thcr_lng ll£Hghtcn tl1e lcacl11ng 
process and nccclcrato tl1e decomposition of plant and an1mnl 
rcmatns '' Ith the result that a consldcrablo quantlt} of hu 
mus accumulates In the sotl LateritiC soils aro htglilY .. Pcr 
moablc to a1 ~ and '' "ltcr and Ita vc a1amQ.. iiioi ~t uro cn~ctt) 
Tl1cy aro \Cr) fl-rlilc pro\1uing1crtxllscrs arc t1scll 

:Cacl1 sotl m1rrors t1lc features of tho natural conditions 1n 
\\ 1liC1lit '' 3!) formed But tl1o Barth s so1l mantle IS not stable 
The cltmatc cl1angcs \\It1l tl1o passage of ccnturrcs and. th1q, 
of course causes changes In the vegetation and confiicqucntl) 
tn tl1c soils A cross scct1on of abl ssal rock \\ 1ll sho'" bon 
tho natural condi t1ons and tl1c soils ha' e grnd ualll ciiangcd 
For example 'eiJ- r1cl1 coal dcpos1 ts tl•at could onl) Ita\ e 
formed from luxur1nnt forests 11nvc been uiSCO\crcd on Sp1ts 
bergen '" lt1Cl1 IS one of the Eartl1 s most rigorous reg1ons 
'' 1th an c'\tcns•' c ICC sheet Tilts sho\\ s tb 'lt 1 n tltc remote 
past the cl•matic and geobotnn1c cond1t1ons 011 Sptt'ibcrgcn 
\\ere cnlirClj different from '\lint thol nro today 

\\ c bn,c already saul that man can Influence the nature 
of the soil On 'ast tcrr1tor1es man l1as adapted soils for 
farm1ng subJeCting them to considerable alterations Tl11s 
atlaptnt•on \\til no doubt cont1nuo nntl soils \\Jll become 
moro fcrttlc than C\ er 

All rocks arc subJcCtctl to '' cathcr1 ng r~gard less of the 
conditions 1n l\IJaCll tile) formed As mngma pcn(trates 
1nto tho Eartl1 s crust 1t cools do,vn and forms c.Jccp seated 
roLls \\ 1lc n these roc.hs c orne to the s u rfa co '' 1 tl1 1 ts J O\\ 

pressure lo\\ ant.l fluctuating temperatures n1r gases and 
mo1sturc the) at.lapt tlu:!m~el \ es to the nc'\ en' Ironment an l 
metamorpho.:.c nccor~llngl!J Under tin~ acllon o[ \\Cat1lcr 
tng the) form nc'' m1 neral aggrcg.o.ltons odJ us ted to tl1c 
en\ 1ronment on the Earth s surface 

\\ t ather I ng crentc~ n stable u aste man t Je \\lucll •f the 
prot! ucts of \\ eathcr1 n~ l1ad been stnt lontliJ '' ou ltl l1n \ c 
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completely en\ eloped the surface of continents Ho'' C\ cr 
external forces set the Earth s outer shells of atr and \\ ater 
1n motton and thnse act upon tl1e ''asto mantle brcak1ng 
and shtfttng tt and c~postng the surface of rocks that had not 
been subJected to \\cather1ng Denudatton or the exposure 
of rocks proceods eonttnuousl)' In thts manner 

GEOI OGIC \L ACTION Of TilE\\ I ND 

Tho effectr\e force of a \\llld depends on tts vcloctty 
Even a1r moving at a rate of a few score centimetres per 
second can raise and transport fine dust A '5trong breeze 
can tbro'' o\er and mo'e rather large gra1ns of up to several 
centtmatres 1n dtameter Gales and hurricanes 'vltose '\Cioct 
ty somettmes e"tceeds 50 metres per second arc "Clj destruc 
tlVC 

Deflation and Corrasion The 'v1nd performs a definite 
geologtcal funct1on 'vh1ch natural]~ ts not al'' 8) s and not 
e-....ery\vhero manifested In equal measure There arc regions 
\\here the actton of the \v1nd 1s parttcularl~ destructive 
these reg1ons ba\e poor or no 'cgetat1on at all and are called 
sem1 deserts and deserts or deflation regions Absence 
of "cgetat1on., '"htch fastens the sotl by 1 ts roots g1 ves free 
reign to the action of the 'vlnd In tbcso regtons tho tempera 
ture changes (atta1n1ng a da1ly amplttude of up to 60° C 
and an annual amplitude of up to 100° C) caus1ng Intense 
mechanical '"catl1er1ng ''l11ch suppltes tho material for dofla 
t1on 

The part1cles blO\\ n off the Earth s surface by tl1e 
\v1nd arc transported over long distances depending on the 
stzc of the gratns 

Arr currents blo\v not only 1n a hortzontal plane along the 
Earth s surface but also 1n a \erttcal plane w1th the result 
that tho particles torn from the so1l arc tossed htgh 1nto the 
a1r Dust particles arc raised to bc1ghts of hundreds of metres 
and sometimes as h1gh as several kilometres fine sand 1s 
blo,\n to a hctght of scores of metres and coarse sand up to 
e1gl1t or ten m~tr-cs TJ1e matcrtal prepared by l\CathcrJng 
J.S JDll$ ~}"/lbsp&rte<} Oj t 'AY! N iad Jr«J /S f'tJ;-J lll}} j 9 Cfl14'WJ'(} 8 HFti , .. 
from the regton of defiatton 
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Pnrl1clcs tr1n~portctl h} tho \\tnd str1ko tho oL~tnclcs 
J n thcJr pnth (roc.J..."' l•ouldc~ a n1l vnr1ouq .struct urcs) groo\ 
1ng scorr•ng nnd c' rn pol•qfu ng nnd gr1n<l1ng thcrn This 
net 1\ 1 ty of tho '' 1 nd Js rnllctl corrnslnn 

Tl1o \\1 nd O\\ s on tl1c '' C'l lht:tr sttlo of bu 1ld • ng~ J n de~crts 
nrc somct1 mt ~ pnl1~hctl to sur:l1 n drgrec ns to ga' t liHJ" 1 mpres 
SlOD or hn VI ng hC('I'fi fro~trd 1 hts polP·~hl ng lS done LJ. \\ Jn(l 
horne s1ntl AncJcnt bu 1 Jcl• ngioi ti1nt JJn \ t. sur\ J \ cd 1 n \art 
ous plncc~ 1 n Ccnlr 1l Astn slao\\ the ~rrccts of corr1s1 on Tlus 
IS .SCCO On the \\ ('11 her SldO O[ l he~o iJIIJ Jd I Dg'S pnrlJCUinrJ) 
to u hcJghL or IJnlf n mctr~ to t1 n1ctrc and n JJnJl and some 
t1mcs to three or four mrtro.s Tht ntntcr1nl formed b.) corra 
s1on ts p1 eke-d up b) the '' 1 nd llnd trn nsportccl forthrr Tile 
rcnto\ ~I of tl11s loose matcr•nl 1s called defallon Corras1on 
nnd dcflnt1on oro t\\O IOlC'"r related processes cngcndcrtng 
cncli other 

Tl1c lllte'n~l t) of carr~ '51 on ts not tl1c .same C\ CIJ ''here 
and depends on tl1~ IHlrdn~s~ o! tho rocJ...s the SJZC of the 
gra1ns and thc1r arrangement Jn tho roLls tl.Jo JOlntlng 
tl1o hcdd1ng nnd other f1ctor~ Soft rocks ''c1r a\\a) qutcl 
ly baring tl1o l1urd rocks among tl1cm 

\\ 1nd borne frngmcnts nro usually held 1n su~pcru,ton at 
n licigl1t of n metro or a metre- and a Jiali abo\C ground nnu 
tilts nee aunts for tho fal t tl1at ma 'ttmum corras1on ts observed 
at the base of cl1ffs In drscrls tsolatcd boulders composed 
of llorrzontnl beds arc frequent I} battered J nto tho shape of 
mushrooms or tables ''h1le boulders conststtng of $tccplj 
dtpp1ng beds aro gJ\CD tho shape of needles p1llars obo 
ltsks and so forth (F•cs 2u 2Q) 

Corra!>Ion affects not only tbo foot of houldt.rs and cltiTs 
hut also the llOrlZontal surfaces polishing them 1f thel' arc 
hard and car\ 1ng out l ardangs or "l1arp crested parallel 
ridges ID soft rock The bottom of tl1e groo\CS bctl\CCD tbcsc 
r1dges 1s often f1llcd '\Itb sand (FJg 30) Enttrc \alle}S hale 
b~cn formed hl \\Ind erosion A frequent phenomenon 1n 
deserts '' h1rl '' 1nds force sand Into sp1ral mot1on to form 
\ erLtt.al con1cal or <--lltndrtcal liollo'' s 

Corras1on also attacks lumps of rocks Jn tl1e desert the 
sand grtnd1ng them Into charactcrtsttc tribcdrons 

\\ }lcra tho hardncs~ of 't.rttca 1 surfaces 1s not un1form 
Junulcts are carved out by tho conttnuous bombardment by 
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~and 1 he~c I unulct~ nrL \\1 de ned n ntl d(...cpcnctl hl lho sand 
ton s1zc of tens of ccnt•n»etn.s so tllnt tl1c rock surface looks 
lt~c n ltonc~ comb (f 1g 3J) 

If ~ moro or less llor1zontal scum 10 o rock scr1es Is softer 
lltll n t}tC olJtcts It liCids to \\ CathCrJ ng de flallOD ODU COrrn 
ston mucl1 foster tlllS mn) result 10 the Iormatton of s1zable 
en\ 1 t1es-ca' es TJ1csc dcflnt1on en' ts ol-CUr 1n some of the 
'allC) s Ill the CauC1SUC) and tllc Crimea \\here tho sanustono 
hcncatl1 the JJnrtl Eocene ltmestono IS eroded b) the '' 1 nd 
Some of tl1c ca\cs nrc so lug that tlJe} oro used as enclosures 
for I 1' est och. 

Desert '1.rnJsl1, 1s nnotltcr 'ecy Intcn.sttvg phenomenon 
of desert rC'gtons Nearly all rocks contn1n 1ron and mang1 
npsc snits ns ''ell as mo1sturo (tl1c qu1nt1ty rna) be 



'cr) m1 nutc) Tho 1n01 c;;L uro 
on the s1do oi the rock f1c 
1ng tl1c sun C\ 1pornte~ In 
tenS\\ cl;,. bee~\\~\) of r tllc 
l1eat nild 1 ts place 1 '3 t ,len 
b~ JDOI~turc from tlto deeper 
parts of tl1o roc h. from '\hero 
tt brtngs '\ 1 tl1 1 t d1 ~~ol' ed 
1ron anu manganese Black 
Iron anti mang1.Ilc~o salts 
accumulate 111 thts '\3},. 

g1' 1ng t1tc roc h. a blach. 
crust of a tlt1ch.ncss of one 
or t''o mllllmCtrLs TI11S 
cruQ,t lS llat1ler tl1an tl1c 
rock 1 tse If and the poltsl1 
1ng act1on of sand gt' es 1 t 
a shtnl lustre Desert 'ar 
n1sh on south facrng rocks ts 
a t} p1cal fen tun. of for 
C'tamplc tl•o clcscrt and 
mountain rcg1ons of Ccn 
tral Asta 

lnrcgton~ '\Ith a temper 
a to cl1 mate '\ htrc almost 

\ Vea thcr1 ng o[ Igneous 
rocks 

th~ ent1re surface 1!1 co'\ crcd by' cgelalton tl1c cond1 ttons for 
deflat1on are mncl1 ltardcr Grass s}Irubs and trees afford 
tho so1l surface excellent protection agatnst defiat1on BuL 
tn steppo reg1ons It pla.~ s an Important role For e-xample 
dust or black" storms l1avo been observed 111 the south of 
the European pnrt of the U S S R tl1ese storms occurred 
after a long spell of urougltt and deflated the sotl S\\ ccp1 ng 
a la) er of chernozem (10 15 centimetres and over) from tlio 
£ields Land reclamation 1n recent ) ears has transformed lbts 
area mak1ng 1t almost completelJ safe against dcflatJon 
Dust storms cont1nuo to be obscr\ed In North Cl11na Soutlt 
l\longol1a Australia and clsc\\lu~rc Sand storms. called 51 
mooms ,,}uch arc a "wlOlent dust laden 'Hod occasaonally 
hlo\V 1n Afrtca near "ast sand dcscrt'J 

Snr-i ing nnrl Di! 1YJ. t~tet. \..tJ.R. ~ .. ~ 'h "'to l.un·" ~me nlto n cd abo, e 
ma.terml horne b~ the '\Jnd from a dcfiat.u>n area IS trans 
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port eel O\ cr n c~rlnl n tll'iln nee \\ lt1ch t!cpcnrlt~ on tho s• z.o of 
the molcr•o I nntl tha ron t or tho \\I 1111 n ntl l hen tl~po~ltctl 
'1 ho s1unlll~l purLJcl{\s nro fnqucntly lle:pos1Lctl sc\cr.al hun 
tlrccl k1lornctn -1 D\\8) Crom lhL tlcflat1on nnn 1 or clnmplc 
du~t from lJJo 1\nra J\uJn nn~J J\.JZJ J hu1n deserts 1n CcnlraJ 
Astn as l rnn-,porle(l t'n~t \\a rd o nd tlepos• lL tl on tho looth1lls 
or tho Ccntrn I J\Slllll Jnou nln I O!i Santo nutllO!'S nrt.. I ncJ I nct.l 
to bclu .. ' o that thIS •node of dust dcJIOSllnt• on pi D) s a 'el) 

Important role 1nthc form1.t1on o( tho surf1cc m1ntlc 1n foot 
l1tll rcg1ons and thus C'CJlln•n tho or1g1n of loess rocks L1kc 
tl ust s1nd Js tr1usportrd b} tJJ.c '" Jnd Lut. tJJc dJstanro 1 t 
co\crs ts mucl1 sl1ortcr-not more thnn .n fo\\ score nnd \Cij 

rarol.) n fc\V ltundrcd metres Lorgcr rock fragments nro 
rolled on tile ground for short d1stnnccs As thcl "trtt.o each 
other frngmcnts of rocb. nrc ground nod loso tl•e1r or1g1nal 
nnguJnr form 

\V1nd borne mnsscs of sand somct1mcs form more or less 
largo mounds or l1cnps Tl11S IS most frcqucntl} observed on 
tho sea coast \VI til Its \\ c II d c n ncu sa Od) be a clicS l\l arl no 
sand \\Oshed nsl1orc by \\aves gradual!} drtcs and. IS blo,\n 
by tllo \\ tnd ror e"<nmplc on tllo BaltiC s~a coast of the 
Soviet Unton \\l1cro ''ester!) '' tnds blo\\ there arc excel 
JcnL beaches and the process b} \\IIJCll sand ts 'vtnno\\cd In 
an easterly d1rcctton Is qu1 to shnrpl} defined Tl•e '' tnno\\ cd 
masses of snnd form banks \Vlth n hc1ght from SC\cral to 200 
metres nnd a baso '"tdth of up to a k1lomctrc Gradually 
drJ[ttng from the coast 1n an easterly dlrcCllon tho sands 
bury forests pastures orchards vegetable fields and C\en 
settlements Tlteso \VIDDO\\Cd masses of santl are called dunes 

fltpplcs nrc often obser\cd on tho dunes cspcctnlll on 
their \Vtnd '' ard slopes As tl1cy dr1ft a slanting lam1nat1on 
forms 1n them (F1g 32) The measures to haJt tho m•grat1an 
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Ftg 31 II oneycomb "ca.tber1ng of Cret 1ceous sandstone 
the Crimea 

of dunes mclude plantmg marram gras::, pmes and other 
plants Wlth a '"ell developed hortzontal root S} stem on the 
l\f'ldward slopes A 801 t mantle "1th vegetat10n form~ on 
the sand'! aftt>r the)- are fn:rd There aro fr·md dunes m Ses 
toretsk and Ust Narm.sk on the coast of tho Gulf of Fm 

nd near Lemngrad 
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1 IJQ de nnt ion n nd 
m1Rr1l1on o( sand 
\\ 1l h l hr form1l1on 
of •I unr-;. i1 n I so ol• 
~;.rr\ r~l on l he La nL q 

or rJ\rN flu\\ ing 10 
n more or IC''i mer 
Jd10n1l t)ll'C"CliOn 

.~\Inns, l h~ l r1 \ rr'i 
thf' t 1c.t l•1nk u~u 
n II} ~rop~q ~tnt I) 

•lurJn~ nouda; lht rl\t r ~1.1ul 144 tlrpo~l(( cl llll lhl h1nl nnd 
\\hLtl tlu .. ''nll r nc (tlli th£t ~,n~l 1~ 1 1::po C'-l to lhtt \\JUt! 
TJ1(' '\" lt'rl} nn~l ~c,ulh \\C~l< rl) \\1n1l~ pn \llll1nh 1n lhr 
I:uropr1n p1rl of tho l S S It cnrr) ~1ntl 1n nn ~a trrl) 
nntl north ~n"lr-rl \ tl 1 n rl U)ll ~:n 1tl, po llnllnJ: lh~ c;oll on 
\\ tnd \\ nrll slopt ~ I h .. ~ phl no nH non 1q cit nrl) oh~r\ ~tl on 
tllo JJ1nl,.., or tho T..,u~ thl ~lo~~lln tho ~Ur1 the '(}1go 
tl1c Don .nncl other ra, rl' 

In '31ntl clt:t'-( rtq ''" dt"tln~ul~h ~1nflh1ll~ h1.rkhnnq nnd 
Iu1.rh.IJn n cl1n 1 n~ I~~~ topo~-, r 1(lhl ~lr(l(.'nll-.. on the 1 n1t 1nl rt'­

lllf the qun nllll nf ~, rhl t ht cJ arnntc n ntllhC' fore~.- of l he'' 1 ntl 
I so I 1 t c c I 1 r rt. g u I , r 111 o u n 1l ~--., 1 n t I h 1ll ~-for n1 1 n nrc n ~ 

\\Jllt 'ihruLiter) laltlr "11lil nnd chnngtng '\lntls 
LxtQrnnll} tleflntC'tl ta; tndg c;otncll mL ~ hn\ eo n un1qu~ll 

n.gulnr null• no On the \\ 1nd \\ nr(l c;Hic l he \\ 1 nno\\ rtl n1ns~rs 
of santl II 'l' c 't r} ht nt I) (J 12 ) ~lop1 ng ~urCncM Tl10 lc~ 
\\Orr.l ~Itlls nrL ~t(\ct• nu,l lln\ o n 3J gr 1Litcnt onglo tl1ttt lS 
chnrnctcrl~llt. of cruntbltng gr1nul1r m1.~~es Thcso mounds 
l1a \ 0 protrud 1 lllt Ct!gt'"s tlue to thl. llCllOn o[ the \\ 10tl S~t'D 
from nbolL' t}J( J rV'tcmhlc n 11-:tl! moon or n lJor~rsJJoc '\ llh 
gent I) ~I opt ng '' 1 nd \\ n rd 'Htlrs anti sttcp leo sttlcs Tl•~~c 
mounrls nro c tlletl bar} hans (f 1g JJ) nntl n ro l) p1cnl of de~ 
ert and scm1 tl{\ l rt regton.., 

If tho \\ Jnd ', ])10\\ 1llcrnn tcly In u 1 rreren t dlrC'Cllon~ 
tl1c bnr),hans ore rcarr,ngctl ond thctr steep slopes gradunl1y 
m1grn tc let',, ard For 1nstnncc tn tho season of \\ester I v 
or south '' l ~terl y \Vtnds all barkllnOC) tltrn t\u) ends o{ the\r 
crc~ccnts to tl1e ca"t nnd 1n the c;enson of ~aster)) and 
nortl1 easterly \vinds the) grad unll) rearrange thcms .. l' e-s 
and turn to the 'vest or south \vest 
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Darl..hans some\tme~ stand t(,o\a\ed fron1 each other but 

tn nteas ''hcrL ~e, etal batlhans de, clop alongsrde one 

another, tbe1r edges merge and. thus form b11rkban cbatns 

The spaees be tv. cen \besc tha1ns (t1dges) are dcpre<...s1ons 

v. tth patches of clay (tak}"l"S} 

In addt\ 10n to bar\.. ban cbatns cx\endtng verpendiCU 

Jarl) to thfl dsrec\1on of the \\tnd there are long rampar\tt 

extrndtng 1n the dtrcctton of the "1nd They ul\ the reltef 

-

\\ t\l1 }lllS nn<l ttd~lS und "'bPtc the \\ l - -

dnt~hono; thl') form tmmobJlt. ra nd blo\\s tn ~hfferent 

b~o;.Jn'! Pl r'lmld t:hnpcd dunes formmparts round deflatiOn 

'' 1nds al rt~ltt nngJcq In are-as 1n ter~ected b} 

~orne J,arkh tn~ ~rc 20 30 mttre~ 1 
can onl1 be formed \\her(' thue 

15 
ugh Lil .. e dunt<; the) 

"ami Tht'rc 'lrl'! no harlhans m ~t an adequate suppl~ of 

onh maU. l>"lt'lo..han hle deflMed one de erb and taJ...1 rc: 

thcr(' l\ot l1!,:!lu~r than 20 30 te.n~a es of sands an. found 

modc>ls af b-.tl..h·m<~. clten 6 [ 3 
, rmetreq the~ arc sroaU 

fl1rJ..h1n5 Nnf'rge v.bt'n an flh ;1), regular c;bape 

stnndq tn the path o{ a " ae e a bouldlr or a buc;ll 

\\tnno'\\mt! conllnuf's unttl th~.nno"-E'd mass of sand Th( 

the obo;t 1clc (Fa}.! 3.•) Th~n •andand reach~ the lc' £>1 °J 

!.ld(l' and ti pos. ol a ere-~ tnt ar h 13 poured on the lee"' a!,. 
e UJil Up b) the '\\ tnd 
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a 

b 

F1g 3-t Form1.t1on of n h1Jlock 
behlnd '\ shrub (a) and 1n front 

nnd bch1nd n rock (b) 

either Side (F1g 35) 
Dr1fttng mounds de\ elop 
tf the supply of sand IS 

not suffictcnt to form 
barkhnns \Vhero the 
supply of c::and JS ade­
quate barkhans grow 
merge tog~tber nnd form 
rows l1kc dunes The 
gaps between the bark 
hans form cl1atns of 
kettle holes (F1g 3u) 
Such IS th c :b eha' Jour 

of tlto sands of the l\.ara h. urn and I\.IZJ I I\. urn deserts 
1n Central AsiJ of Eastern !\fongol1a and the Tar1m Bas1n 
o[ tlle Sahara nc~crt and of dcc.=erts In Arabia, Australia 
and otl1er parts of the v.orld 

Some barkhans especially small ones dr1ft rapidly 1n 
tl1e direction of the pre\ a1l1ng '' 1nds Small barkbans 
usu all) travel 30 or 40 metres a lear but 10 some cases 
tl1e1 can tralc1 a dzstance of one or two hundred metres 

Plan Sed~on 

Ftg 3a: D1ngram s}lO\\tng the dtrect1on n.nd nct1on of "1nd streams 
1n the air current dur1ng tho forrnation of barkbnn.! 

Ridgy sand advances at a much slo" cr rate and bur1cs 
sandiess steppes cultivated (jeJds and v1lloges as has 
happened 10 Turkmenia Uzbck1stan and h.aa:akhsto.n 
(F1g 37) Sands can be halted h} plant1ng '(lgctat1on 

BJrJ...han .sands occur ch1cfly on the marg1ns of deserts 
rarel) 1n tho 1ntertor The bulk of \VJnd borne sand and 
dust UlOVCS from the Interior of de~erts to their borderS 
"here the larger particles settle dust ts tran~portcd p3St 
the houndar1cs of de~erts to areas w1th 'egctat1on and 
ra1nfall \vhcre after mect1ng Winds blo\\tDg from other 
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Ftg 3\l U1rll "\U field 

ftg 37 \ Lb ' lton I.JurlcJ h) s::tlll 1n t1 c rrg-Jon of ll e Aral Sc 1 

d 1 rect1ons the desert '' 1nds lo~c th~1r force nnd de post t 
th 1 'i Fine m ntcr1 nl TI~e 1 O} cr o[ dust gro'' s at n rate of one 
or (\\o m1ll1nlttrcs a jCDr but 1!1 the cour e o[ thou'l0.11ds 
of jt ~rs 1\ foTms d~po~:ootts \\llo~o th1c~ne~s ~from 1::. \o 20 
mrtrcs nnd 5omctlmcq morC' 
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J l11s ''in(! botn<, tie~( rt ,Ju~t gradual J) occuntu I a (c:5 ond 
[ornls thICk In) ~r~ of l ello\\ ~oil or lo!SS ( r.g {8) 

1\ r lnc;~•rn I l'ln rn pll IS Ch1 nn '' l1erl' lorc:.s; co\ l)rS hub't 
c ~ f1ll~( ~ nnd Jill dr poqJ t .rd on 111 UcrPn t 1l) p~orn~! r1c ~urlacecr 
t hL dr post I 'i nrt ~onlr"l t llll q 400 ntrt rl" th lck The: G< l.u 
l\hnllll nud Jungar dr carl'\ nrt the "'dttlii1l rnclor) for locc~ 
Ill \ nrlh rhill1 

~ ~ J s I le!) s b lu rr s 0 n l ~ e lJ, n k 0 r l ] ~I I t I J..t , ~ u l t 1 
• Cfbl 1n1 \nile:' 

Tho condltlOtts for colnt1on or tho gcologtc1I o.ct1' 1t' 
of '' tnds arc not uniform The mo'5t fa\ our,blc 1rc tn dt ~ 
trts-cquator1al deserts (Sllhara ArabJa ~le"tlco nnd su 
on) nortl1crn dc~crts (Arol and Cnsptan) the de~erts 1n 
Ch1na and !\longol1a (Goht) and other de~erts 

Deprnd1ng on natural condttJons dc~erts nrc d1v1dld Into 
cln) e~ deserts (tal) rs) sandy deserts and stone dec;.erts 
Clayey de~crts arc flat plainS sand) deserts ha, c '1l1ummock 
and nat surface and stone deserts arc r~g•ons '' lu~re the 
\Vlnd removes loose material lea' tng c.:olld rocks bare to 
the conttnuou~ attack of the \Veathcr 
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The~e three types of deserts are naturally l1nked up 
1n space The landscape of stone deserts cons1sts of regions 
of deflation which g1ve "ay first to regions of accumula 
t1on of eoltan sed1ments (sand) dune barkban land cape) 
and then to the marg1nal zones of deserts \Vhere s1lt and 
cld}eY material accumulate The general facie~ ch1.nges 
of continental depos1ts JS reflected In thts spattt:tl cltange 
of eol1an sedtments 

GfOJOClCAL \CTION OF FL0\\11\G SUitFACl. 
\VATCR 

Atmospheric precipitatton as ratn and snow and also 
water from springs move from elevated to lo,ver aret~.s 
perform1ng a geolog1cal funct1on on the way \'\t e dtsttn 
gu1sh the act1on o[ surfaco waters not gatl1ered Into regular 
channels (plane erosion or deluv1al process) and the actton 
of surface 'v~ters fiowtng 1n regular chdnnels 1n streams 
and ri\ ers (linear erosion o:r erost vt proces,',} 

The dlltt\ aal process 

H~re \Vater IDO\es along the Earth s sur[ace as do,,Il on 
1ncltned plane the run off take~ the forn1 of a contlilUOllS 
water sh~et tn wh1ch separate streams tnterlace Under nat 
ural conditions such a \\-aler sheet forms on upland slopes 
and on the s1dec; of ravines and r1" er "all eye:: 

Tl11s sl1eet ol 'vater 1s only a few nlillimetrcs th1ck 
ll ow C'- er a' 1 t ~treams down ~\opt s over a 1 ong period 
watLr performs n nottcearle function lts mottve force 1s 
cqttnl to hal[ the produLt of tts rnass by the sgunrc of 1ts 
veloc1ty Therefore thP steeper the slope and the more 
ra1n "ater that fallc; on 1t the greater IS tl1c molt ve force 
of the strcnm'i 1.nd con~equently the stronger ts thLir 
action ThlS actaon CODSl"l'l lD the run orr p1Ckang up and 
tronsporttng fine products of \\cathcr•ng and particle~ of 
soft roct.s t;u ch as cl a)~ an t1 marl~ or " l11 cl• t l1 e ~1 o pc~ are 
compos\ d 1\'\eS.o pay\ 1tlcs mov c do" n t l1 ~ slope nn d drop 
into cav1t1~s 
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A slope ~orncllmrs d~ ccnds c\cnl) d1rectly 1nto n \\ater 
ch 1nncl In ,, h 1C11 cn~o n II the p1.rl1Clcs '' nCJhcd orr the slopo 
rcncl1 tho ch1nn~l ''hero the} arc p1ck~tl up anti c1rr1cd 
n'' .n). llu t n ~1 o pc usnoll) n, t ten'\ on l nt 1 ho bot tom 
'' l1ere t l1c run off '' I oct t 1 drop" '' 1lh t l1.P r~c:u It lh 1t co1r:o 
rn1.fLran1 IS llLpnsttetl II tJ1o ''atcr cfJnnnel ts su£fic1cntl} 
fnr fr01n l]lC fool of tile ~lope lhc rain \\ "\ ter Jll 'l) not TC3Ch 
1 t 10 '' l11Cit c1c:.c n II tl1c '' n t l"r borne znn trr1 1l IS lu~~nped 
up nt lite botto1n o[ tho "lope T1tc streams of ~urf1cc '' atcr 
tJ1 1t do not gn I 11er 1n rt!guJtir ch 1ll nels gr1:du 1ll) '' as1z 
p,rt1clcs of rochs n'' 1.1 from th~ top o[ n ~lope nnd tr1n~port 
t h~m to 1 ts Lot tom 1111s JS ~no'' n 'l'i ll1c del U\ 11 l procr q 

and tJtc nccunt uln ted '' ,~hcd a'' tl) p1rt 1cl' s 1rt. called 
de~ lll.l unl DC"pcnd 1ng on tl1~ d nr1 IJ on of tJ11S proLe~~ tJ1c 
dclu\ 1um depostls ~omctJnlcs gro'' to a th1ch.n~~s o[ cc' cra.l 
liiiCOrcs of rnotre~ 

Dcluvinl depo~tts nccumul1.to nt tho foot o[ slopes 10 

tho form of tr11ns i\lorpholog1c1lll the latter resemble 
tal us trainS The d I rr~rcnco bet" c-~n thrm lieS In lllc ,, '\} 
debris 1s dtstr1butcd In delu\ 1um the conrc:c gr11ned 
fr1.ct1on remn1ns on top of tl1c slop{' ''h1lc 1n talus It gathers 
at the botton• 

lf the slope cons1sts of supcr1mposed bcd:c: the topmoa::t 
bed 1s eroded first tl1en tho second bed IS C"\:po~cd to" ca ther 
tng transported do,,nhi11 and super1mpo~cd on tl1o bed 
that bnd been brought do'' n first The products of oblat1on 
of the th1rd bed ,re 1rr1ngc-d st1ll l11gher 1n tho dclu\ 1al 
scr1es Thus In de1u v1 nl dcpos1 ts 've oh"er" e tl1o ~an1e 
beds 1) tng ncar tl1o ''a tcr dt' 1dc In a rc"- a-r;;.hcd sta tc but 
arr~ngcd In Jn,trsc order 

The composition of the material 1n deluv1al dcpos1ts 
thetr colour th1Cf{ne~s and other fc1.tures depend on tho 
ht..Jght of slope 1t-, stLcpncss and tlte hardnc~s of the rocJ..s 
The dclu\ 1al dcpos1ts on the stdcs of valle)S con1po~ed of 
untforln clayey ser1es arc of tl1c sa roc cla) C} pattern but 
only renac:hed ln areas composed of larJous rocks the 
delu\ J.nl depositS ~ro not un•form 

Abl ~t1on 1s f1.cllt t 1 ted 1f the slope IS steep and not 
fixed by 'egcta t1on Grass protects slopes nga1nst delu\ 1al 
aot1on bec ... use 1t bends 1n tJ1e dlrcctJon 10 '' h1ch t}Je \\a tcr 
flo\\S 1.nd forms a protr-cttve coat1ng There 1~ tnt('DSI\ e 
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ablation on ploughed slopes p~rt1cularly before the ~o,vn 
, egetat10n gtrmtnates and str1h.cs root Deluv1al ablation 
1s often , men nco to farm1ng because fertile so1l IS "'ashed 
awav 

In tho fin a 1 n nal) sts a blat ton does the JOb of flat tc n 1ng 
out .Any rugged ness l n the rclt ef t ltc 1 n tern u' 1al arl ns Slilk 

graduall} 1-nd. the low aro'l.s r1se at the expense ot debriS 
brought do\\n to tl1o foot of slopes 

Ero~ton 

If a hollo" (rut or groove) appears on the s1de of a htll 
1t collPcts many of the streams Erosion proceeds 
more 1ntens1" ely 1n thts hollo\V than else" here The orig­
In,] bolla'' \\ 1th 1t~ sharpll' de finrd outltnes gro" s longer 
uphtll unt1l 1t reaches the crest of the slope It C"<.p~nds 
Ill the rentte WbllC the }o"'er part fiattt OS OUt as dobrl'-J 
accumulates A gully thus takes shapo on a once perfect]) 
e.ven slu11e Each sett1on. oi a valley 1S su.b}ect to d1fi.~tent 
geolog1cal action eroston 1n the upper transportation 1n 
the middle and depos1tat1on 1n the lo\\ cr sect ton The 
level at the foot of a slope from Vvh1ch a gully grov~s J~ 
called the base lPtel of eroslon Th1s \VIII he the level of the 
water basin (r1ver, sea) tnto wh1ch the r1v1 r flows 

Systems of Gullies There somettm~s ar1~es a system 
of gull1es running 10 more or lc~s parallel d1rect1ons from 
a "atershed to"\\ ard~ a valley and Clttt1ng 1nto Its slopes 
frequentlv to a considerable depth (up to Sl!veral tens of 
metres) (Ftg 39) Branches may ~ppear 1n tho princ.Jpal 
gu!Iy and grow togeth~r Wlth 1t 1 e " as they grow the1r 
apexes r•se tn the d1rcctton of tho watershed and they 
become deeper and w1der "here they ]oin the prlnCipal 
gt1lly At the top of a gully there 1s usually a cltff from '\\h1ch 
ra1n water rushes dovro.l undermtning tho baso of the cliif 
and thus e~pand1ng th~ gully 

The rate at wh1ch a system of gull1es develops depends 
on the geologtcal pattern of the slopes of 'l watc~shed and 
on the1r st(1epness Frequently a s~stem of gul1Ie'3 gradualll 
cl1mbs to the top of a \vatershed cuts tt and nttJchs the 
oppo~•te slope As 1t de\ clops a gully '\\h1ch has penetrated 
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111to an adJacent drainage S}~tem may encounter the gullies of 
th1s slope cut Into them and 1ntcrcept the 'vater carr1ed 
by tl1em 1\ot on I} gull} dra1nagc hut also the r1' er drainage 
of the oppositt. slopL can thus be Intercepted Thts process 
1 ~ kno'' 11 1s r1 vcr \ allcJo piracy 

So1nc gull1 e~ nrc vcr) long and have a complex net'' ork 
of hronchl" Tltc gro\vt1t o[ a gully ca11 be castly traced 

1- I ...... -

f t 3~ lle\ c topnll nt of 1: ~uJiy nt..t,\ork dn~ 1 o t hl" rro~ 1on of stetp 
t.l 1) £. ) I o pr ~ 

S~p1r1 tc sect Ion~ ~nd OCC 1.SIOll 'llll fa I rJ l l1 r~e nrc as of 
an Inter flU\ C C10 be cut 11 p by 1 U ~n~e net\\ or h. of gu ))l~S 
and m 1d c-- 1n 1CCl Sfiil blc 1nu unsu1 tab lo lor r u1 t 1" a t1on 

Gulltrs de' clop 'crl ,, p1d 1). 1n IJ~rren foot h 11 I areas 
corn po<:.ed of lor~s l1l e rock~ 

Gull 1r~ 1r~uaJ l J c1rr} '' 1 fer anJ 3 Jn t J1{ r~ltl) t •~on 
or d ur1n~ t h~ ~pr1ng tha'' 1nd 1re ur) In ot hl r ~C' 1~ons 
,\s th£'} gr1du1.ll) .J!ro\\ '' 1dcr and dt epc-r thl} rr1ch a 
t , g l '' bert t h c 1 r b <'" d ~ ( t h ol '' r-~) L ('com l" n 1 t "~ n t.l e r o ~ l on 

r-r~~c~ The hr(l or "1 gu II) I~ ,_ t fir-.. I qu J tc "tf'ep nn d lhe 
'' 11 rr ti1C'r-rrorl h 1~ n 'cr) grllal 'PI oc1 t) a~ the ra.' 1 ne 
lrn::!l hen~ out 1 t ~ grad 1rn t brcon1e~ ,R:E:'nl I rr nnd lhJs slo\\ s 
the \\ 1 tl r do'' n nnd eon~cqucnlll 1 t.s rorcc dccr~n cs and 
tl1c gulltcs stop gro\\ 1n~ 
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In a teinperate cltmate 
the slopes and bed of a gully 
are covered '' 1th sod 1 e 
gra~s h11shcs and even trees 
gro\\ on 1t These gullies 
arc called ravtnes 

\Vhen a decpenJng gul]y 
strikls a water saturated 
!ltratum of rock spr1ngs 
appear on tls bed,. gt\ 1ng 
r1~e to a continuously f.1ow-
ing stream By dra1n1ng 
ground v,.atcr~ gull1~s lov.. 
cr tlteir level and thtreby 
cauc:e Pnorrnons harm he 
~ause of the unfavolltable 
Londtltons they create for 
the dPvclopment of vegc.-. 
tat1on The spread of gul 
ltes ~~ cotnbated pr1mar1ly 
hy planting bushes and 
trees 1n thc1r upper reacheq 
and also by constructing 
dams (F1g 40) 

-

F1g 40 Sf o-pp 1n~ the spre l d u I 
gnll1es \VI t h dnn1 '"l 

The eroston that 1q ohsPrved 1n gulltc~ tak{'.,.. placL 
1n r1verh on a much btgger ~cale 

Rtver Systems The area o'er ,vh1cll a rtver flo\Vb ctn 
pt~ 1ng tnto a central channel 1s rallcd 1. dra1nage bas1n 
The bas1ns of b1g r1\ crs occupy 'ac.t areas of hundreds of 
tl1ous1nds of square k1Jomctres The bJggEst dra1nngL 
ha91n tn tltt. Lnropcnn part of the U S S R 1s that of the 
Volga '\ h 1c lt l1as 1 [1 area of 1 380 000 square 1\ 1lomet res 
Tlt1s bas1n un1tcs tl1c btg Ola and h. am a rl'\ Lrs and many 
t}lousnnds of sn11ll r1 ver~ -"tnd streams tltat d.ratn Into th( 
Volga and 1ts pr1Dc1 pal tr1ht1taries 

Tho geological nct1on of r1 \ ccs con ~zsts 1na1nly Jll c.ro!l 
1ng TlV( r beds n.nd h1.nb.s ond trnnsporttng and depositing 
rock \\ 1stc All thc~c aqp-ects of acti\lt) nrc or ten man1 
f~~ted Slmult~neou )y 1n one and the Si.\IDC area of a \ n))£'} 

1-lo" C\ cr the mo~t '1gorous crosJOil JS ohser\ cd 1n tho 
upper rcnches of ~ r1vcr wherl the bed gradtc-tlt 'c; very 
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steep 1n the mJdchannel scct1on gcologJcal act1on consists 
chtcfly of scourmg transportation and deposatat10n aud 
1n the lo" cr course-of transportat1on and depositation 

..... 

• L • \ llc-c! c ro1 Lon an t }J c upper rc!lrbN nt a 
mount 1J n sl reJrn 

The 1n tcn~tll of ~ro~ 1on tr~n~ port 1 t a on .ontl dr pn.,1 
t.:~t ton tn on I! and the- :tine- .;.r-et 1un of a rz \ t r rna} vary 
ton u.l£'r:t b I) 1 n t Im£'1' tl(\'pl nt! 111J;! on th( q unn lt ty of "'a lrr 
an tb(' ra' l"r Thro mort "a 1t r thl rc IJ 10 a rt \ cr tht. mote 
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F1g ~2 A \Vatcrfall erodes the 
bed or a ll,er 

tntensc 1s the eros1on proc 
css G1'\ en the same quan 
t1ty of \Vater tn a stream 
eros1on depends on the rate 
of flow It has been estn.b 
l1shcd that tf tl1c rate of 
flo\v 1s do11hled the water 
carr) tng C'lp1c1ty Incrca~cs 
64 t1mc~ whtle tf the rate 
of flo" IS tripled 1t 1n 
creac;.es 729 times 

Rt.ter Bed Eroslon R1v 
cr hLd erosion ts mant 
fested \Vllere tho flo\V 1s 

suffictentl') fast to allo\v 
suspended materials to l'c 
transporttd 1t 1s part1c1t 

larly lntense where cddy1ng currents prcvntl (F1g 41) 
For example ncar wLterlalls and rap1ds the '' h1rlpools 
1n r1vers carve 011t giant pot holes (~ 1g 42) The hard 
rna ter1 al carr ted b) ~a tcr, es pect ally coar~e sand and pebble 
1s tho ma1n factor ft1rther1ng the deepening and furrov, tng 
act1v1ty of water Clear \Vater C\ ln 1f 1t flo~s raptdly Lan 
not leave an) not1ccable trace on the surface_.of._hard rocks 

1 ho rate and mag­
nttude of eros1on de 
pend on the com po 
Sitton of the rocks of 
wh1ch the banks con 
stst Bank~ conSJSting 
of loose rock such as 
sands, loan1 cla} and 
coarse gravel w1tlt un 
cemented gra1ns (peb 
hies and boulders) are 
eroded verl rapidly 
(F1g 43) 'Vater 1 at, 
awaythofootofbank~ 
parttclc hy particle 
making a deep groove 
With the result 
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F1g 43 Cross section o[ a r1ver valley 
z-hard took strata t 1oft rock strata 8-ae 

d hneo ts carried. by tbe ti ver 
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th u t till o\ crl) 1ng hld~ Jo"3o t hltr SUJJ pori ond L1g 
frngmLn ts colin pso •n to tJto '' atcr, \\ l1Jcll rrodrs and carr1cc; 
tl1cm ll\\ a) 

D'lnks consJsttng o£ S1ndslonc e.rh1st IJmcc;tonc crnn1te 
nnd otl1er h1r(l rocks tl'~Jst rro~1on better \\'J1cro rockc; 
1.rc l1nrd tl1c \\ ork of the '\ 't~r '\)o\\ s c.lo\\ n conc;ld cr1bl) 
i.Jut In SJll tc or tillS r1 \ l r~ Cttt I 11 I 0 I h('f0 1ncJ1 b) JOCb form 
1ng .:!norn1ous c1nl one:, 

I ntcrnl Lros1o1l ,\ CJ\ er 'rot1e, Jrs bed JR a \ ert1c1J 
d1rect1on ~s long us 1ts force IS grc1.t cnouglt to cn1hle 11 
to r~nlo\ l. 1ll dl ntoiJ~h~d n1nt<'r11l from the or1g1n1.l bed 
'' htn 1. ri\ cr ln~c.:; 1ts force tt Lt\~•ns to dcposJt tht.. mntcr1nl 
tr1nC\porlccl l)l 1t nnd ero~ton o£ tho bed ccn es 

During floolls n r1vcr erodes zls h1nJ s thus c;lc,dt 
I y 'Vlu en 1ng 1 tq 'alley Till'> 1s not 1ccablc partJcul1rll ''hen 
a rt \ cr 0\ cr no,\';. 1 ts bani,. ct 

A r1 \ cr s h1ght.st \\a tcr ]<. \ ~l ts kno\\ n .-.s 1 ts flood or 
htgh 'vater I C\ cl (tl1o lo'' est \\a ter ll \ tl tn n r1 \ cr IS C1llcd 
the Io,\ or nor1nnl '' atcr lc' cl) Durtng l11gh '' 1tC"r a rlver 'i 

lc\ Ll occasJOII.._lly rtse'i as m ucl1 ns cc, rr'll metres For 
Instance 1n the \'olga 1n tJto \ ICJDity of the ZbJgul1 ll•lls 
flood '' aters r1sc 14 15 n1etres o.hovc tl1e normal '' 1.ter 
le\ el In the 1\losk va Ii1vcr flood '' aters hn' c often o\ cr 
flo'\'\ 0 the banks tn the Jo\\ lj tng d JStrJCIS o£ 1\to CO'\ and 
th1s maue tt ncccssarl' to bu1ld h1glt cmbankmcntc; Dur1ng 
floods 1 ri'\ cr reCll \ es from 30 to 100 t1mrs n1orc '' 1.ter 
titan ust1al In coun tr•c~ \\1 tl1 ... more untform cltn1 ~tc tl1c 
quanttt} of '' atcr Jn ravcrs dur1ng floods IS t" o or three 
t1mc~ greater than dur1ng the lo'' '" 1tcr c;eason '' htlc 1n 
countries '\ 1th a '"ct '" Jnter m~rked by abundant c:;no\\ or 
ra1n thL qu1nttty of \Vater Jncre1scs 5 2n fold nnd son1~ 
t1mcs even more than that 

One can often see l1o'\ turbulent streams of sprtng "atcr 
erode banks over a d1St1nce of several ktlometrcs and co' cr 
C)evcral ntt tres of the forebank 

1 hrough lateral creston r1vcrs often car\ c twJsttng chan 
nels for tiienLselvcs att"lcklng no\\ one and no\v the other 
bank A river may Sl\erve tram 1ts or1g1nal caur~c 1ncJ 
for vartous reasons st trt developing n bend In sma11 
streams such an accidental cause IDilj be for c'i:amplc a 
sunken tree around \\htch transported mater1al nccum\1 
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lates. forcing the" d.ter 
to flow closer to the 
oppos1te b1nk In 
large rl\crs a dcv1a 
tton may be caused 
by a landsl1de 

A rtver s courso ts 

f req ucn tl Y ch mged h} F w 41 \ meander ·md t h c r orm atl on 
ItS trlbUlatiC~, \\ l11Cll n of 1.n oxbo\\ 1 1h( 

C\ acuatc material to 
thetr mouth~ and form 
allu\ 1al fans In tl1e shape of a pcn1nsula or IS11.nd b(..t,vctil 
wh1eh they fttJw and branch out I( tl11S matertalts abundant 
antl the flood water cannot SClJUT 1t the r1vcr turns to\vard 
tho oppos1te bank erod1ng It and tl1creby form1ng a bend 
The bends 1n a rl\ cr channel grailud11) bccon1e sharper 
because the veloc1ty of til( "ater and therefore~ 1 t'l crod tng 
act1v1t) arc al,vaJs higher near tho ccooped out bank 
along v.h1ch the channel I~ the deepest the mnter1nl cvrr1ed 
by a ri\ er ts depostted form1ng allu" ll1ID (Fig 44 45) along 
the protrud1ng bant. wherL the current IS slo\,Lr Tl1e 
eroded hanl... slo\vll retreats dOd fornts a 1oop 

Eroding each bank 1n turn the rt\ cr graduall~ v~ 1dens 
tts valley ,_nd the regton of lateral eroston can therefore 
also be called a valley w1d~n•ng regton 

Dur1ng lo\\ \Vdtcr a rtvPr flo,VIng tn c;ome definite d1rec 
tton and eroding tts conca\ r banl more than the other 
butlds up (on the conve-..: ban1) nn crrtbankmcnt cons1st1ng 
of the mater1a.l transported by 1t Tltlb embanltnent subso 
quentl) rlctcrm1ne'l the rt vcr s CollrSl I[ d ur1ng thL ne"'(t 
flood the river ts unable to de& troy tho pre' 1ous )rear s 
dr1.fts 1t w1\\ be lo-rced to lind a new channel and con 
sequently change tl'l course Tho rlvlr may breah through 
to a new channel by \\ ay of a bend the remains ot an old 
channel \Vh1ch 1u low v. atc-r have the shape of e.lnngatcd 
crescent shaped lakeb lno" n as o"tbo'' lahes ntnY as 
a result htt seen 1n a rtvcr valley Durtng floods they mav 
un1te '\\ 1th the r1ver s ma1n channel 

Dur1ng Io-,v \Vater a rivtr s chnnneJ IS much narro\\ et than 
1ts val loy In tlnlcs of flood "ater o\ crflo\\ s tht, channel 
and Jnundates the ent1re \alloy from one ~lope to tho other 
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Tho 11 oo~lt'd nr('1.S or a 'n ll('j nr~ c, lll'd j/aod pIa ill! 
One or tho reasons n rt\cr de\ 1ntrq from tls or1g1nnl 

cotlr~i;c ts tlu) forn1ntton o[ 11atural lctrcs The) nrc fotmrd 
'' h~tl a rt\ cr bursts JtS IJnnJ..q nnd 0\ crno\\5 11 J!r1 ~ 1nd 
sllru b Ol t!rgro\\ n nood rJl1111 l 110 Do\'- c;;fo,, s (lOt' n (lrt(l 
the trnn~porlcd JnJncrJI lontl IS dcpos1tcd nlong the n11rg1n 

of the channel '"hero 1t form::, large t.mb1.nkmC'nts The 
sand and stl t r1 dges bu 1l t b) tht. '' "l t l.t gro\\ '' 1 tIt f:!'ac h 
flood Before n flood the '' ater level 1n a c}Jranncl protcctld 
h) embankments IS higher than the general lc\ cl of the 
flood pla1n and oxbow lakes t\s tl1c 'var~,r rr~cs during a 
flood It tends to flo\v o\er the emb'lnkment~ 1.t tl1c lo\'\cSt 
po1nt of the flood pi "liD and del elop a ne'' channel or 
return to the old one Tl1e natural lc' ce 1s eroded at tho 
points where the \Vater flo"s over 1t 

A llutta l Process Tho '"ork that n rJver does JD deposit 
1ng sediments IS caiied tho a fluvial process '"htle the 
depos1ted ~ed1ment IS called alluvium Accord1ng to 
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E V Shantser the alluv1um tn a r1\ er vallPy can be divtded 
1uto three categor1es channel, flood pla1n and lake 1-.Iood 
platn alluvium every\\ here o\ erl1cs channel alluv1um, 
because the latter covers the cnl1re bed of the valley as a 
result of the dtsplacement of the channel do\\nstream (due 
to the absence of a concave bank-- n1eanders) The allu 
vturn dLPO"lted by rivers With a different rate of flo\\ and 
erod 1ng different rocks w1ll obv1ously be d1£ferent The 
alluvtum of some rivers cons1sts of coar~e wa~te and of 
otht~-of fine sand clay or sill Sediment of dtfferent 
Size may be tran~porled and depos1ted even 10 var1ous 
ueCltoDs of the same rlVer or at different limeS of the tlVCr c; 
ex1~tencc During floods when the force of the V/dter IS 
h 1gh a rt ver trans ports coar~e \\ a st c \ Vh en a Do o d sub .. 
S1des the r1ver hLgtnS to deposit the material 1t carr1es 10 

su~ptnsion During the low ~ aler per1od therefore a 
r1ver IS nearll' transparent 1n contrast to the t1me of spring 
floods 'vhen tho \Vater ts very turLtd 

Dur1ng a flood the quant1ty of matertal carrtcd by a 
-r•vcr greatly IDCflascs For exan1ple ''hen the llwBng Ho 
1n Chtna ovcrflo\v~ 1ts ha1tks It CdrrJcS 400 trOlls morL st.dt­
mcnt than dur1ng the low wattr per1oll In the course of 
four rain"} months the Ganges 1n Ind1a empties lllto the 
Indtan Ocean 24 times more sed1ment than dur1ng the other 
etght months of the year A part o[ th1s matcrtal floats 1n 
the '' ater 1 e 1t 1S carrl(ld 1n suspension the r( ma1nder 
IS rolled along tl1e ri\er bed (drawn drtft) \VhPn the Vwallr­
levcl drops a riVer urst depOsitS the dra\\0 draft and then 
gradually the materta.l carrted 1n suspcn~ton Thts accounts 
for the sortang out of the depos1ted matertals v.btch depends 
on the changes 1n the water level and on a deceleration 
o[ tl1e rate of flow Inso[ar as the c:eparate streams 1n a 
r1vcr IDOV{.. trregularly forrn1ng V.'"ltlrlpools and flo\\ ang 
from one hank to another the alluvLum IS beddtd haphaz­
nrdl) In profile an alluv1al cone ts usually strattfied 
unevlnl;,. (F1g 4G) 

'\hen the alluvial process 1s cxamtned 1t should be 
borne 1n nttnd tl1nt lha mecllanlcal com pos1 t 10n of the allu­
VIunt depos1tcd by mountain stre1ms daffers [rom that of 
the allu\ I Urn latd do\\n by fiat land ri\ crs As a rule the 
la\l(r carry smnll part1cles o[ silt and sand mountatn 
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r1 \ l r~ v~ l1o9c grnd 1cn t ts \ rr.> stt'l'P nt n dcfinJ tc qlnJ!c of 
the rorntntton o[ \ nllcjS trnnqport gr1\ cl nnd prLbJ~q In 
ndd1t1on to s1lt nnd snnd, nnd dur1ng flood~ th~} ~onlttllmcc:. 
br1n~ do\VIl rock~ ''a tit a danntclcr of more thnn a n1ctrc 
As the~ 'lrc rollrd '1.long the bed or n rt' er these rocJ..s rub 
ag,•n~t l1Cft other nre ground and poltsbrd ncqutrc an 

FJg 46 Obl Jquc strn tJ r c.atJOD of n l J l.l\ l un, 

ell1psotdal or spher1cal shape and arc gradually wor11 down 
to pebble and then to sanll Thu~ oven bJg mountain rJl-ers 
lay rng dO\\ n coarse mat crJal Jn tl1e 1 r up per rea cJ1cs gradual I) 
beg1n to depostt ever finer gratns Particle~ of clo} and stlt 
are somcttmes transported as far as the po1nt \Vllcrc a r1ver 
dtschargcs 1ts \Vaters 1nto a lake or sen 

Co ar~c '' ast e may also he d c pos1 t ~d In tho l o" er rc nchcs 
of o rtvcr For e"<ample durtng tho spr1ng 1cc dr1ft Icc 
floes mny carry stones fur do\Vnstrcam ~nd dcpos1t them 
,vhcre normally onl; stlt and ctand arc deposited 

Rr\ crs carry enormous quanttttes of sediment to the sea 
The Amu Darya for e"Camplc carrJes 44 85~ 000 cubJc 
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metres of sed1ment a year to the Aral Sea the H~ang Ho 
tn Ch1na transports nearly 900 000 000 cub1c metres of 
sedtment a J ear E\ en the Rton River -vv tth 1ts relatively 
clear water carries 8,000,000 cub1c metres of "edtment a 
year to the Black Sea 

Bcs1des so ltd rock e"Cposures, 1nto whtch the1r valle) s 
are cut, thero are depos1ts of c;ediment-boulders,. pebbles 
sand 1n the channels of even sw1ft mountain streams But 
th1s matertal only lies In the channels unt1l the annual 
spr1ng flood when all or a part of 1t 1s transported to a 
new place In the area where a valley wtdens out lateral!-~ 
the mater1al borne by the river ts deposited on the valle) 
floor usually near a bulg1ng bank 

The pr1nc1pal area v--hcre scdtment 1s depostted Is In 
the lower sectton of a valley Vi here the gradient 1s gentler, 
the current slow and the rl\ er Is unable to erode tts banks 
except during floods ~lost of the une material 1~ depos 
1ted here s1nce the coarser matertal (gra\ e] pebbles) 
had already been depos1ted 1n the middle and upper reaches 
of the r1' er R 1 v ers v.. htch do nut unload sed 1m en t 1 n 
thc1r Ia" cr reaches carry 1t to the sea or lake and form a 
delta (Fig 47) A delta 1s a land area at the mouth of a 
rtver v.rested from the sea and consisting of alluv1um It 
usually has the shape of a triangle V¥ Ith thP apex d1rected 
upstream In 1ts delta a r1ver often branches out separat 
1ng Into numerous t'\\ 1St1ng channels that change the1r 
posttlon dur1ng a flood \Vhen a delta IS Inundated the 
level of tho depos1ts 1n 1t gradually rtses as new alluv1um 
settles Rlvcrs ltke the Volga the Neva (10 \\hose delta 
Len1ngr,d 1s s1tunted) the Lena. the Danube and the 
Nile Ita\ c very large deltas Some rt\ ers h1.ve drl' deltas 
~llb 8D area o£ hundreds of Square ltlomctrcs (or Instance 
the Sokh the 1\t u rgh ab and the Zcra' shan These r 1 vers 
deposit clast1c mater1al as the) leave mounta1ns The 
deltas of thcQ,o rl \ ers cons 1st o[ \\ell rounded but coarse 
clnsttc matcr1nl near mountains and of fine material along 
the edges 

1\lnn:,. of tho r1\ ers empt) 1ng Into seas and oceans ha\ e 
no deltas The tl\ cr mouths located tn the area of h1gh 
ttdcs as \\ell as 1n the zone ''here the sea coast 1S gradual 
ly stnktng ha\ o tho shape o[ n narro\v bay cutt1ng deep 
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1nlnnd Sncl1 n hn) 1~ cnllrd nn r!luar) or llmnn The Dnlc 
per the Oh lhtt lluJ! lhl Srlnr the Congo and lho Ama 
zon for ex nrn Jltr hn\ c ect unrir~ 

Sta~tts of lllt~r lJ~rclopmrnt from tl1o ~ourcc 10 the 
n1outh thl' cur'c of n r1\rr q }Jed (lon,::•tud1nnl profill') 
\\ h icl1 is stce J1 J n tl1c 11 Pl•~r rcocl1l ~. gr:adunll> flot tcn5 

Frs 17 Ocltn of tbo 'o1ga n IVC'r 

out ns 1 t ts eroded bl the flov.. 1ng "ntfr nnd tends to b~come 
the cxtr~rnc ba~c lc\ el of eros1on or the profile of cqu111h 
r1urn hl t \\' eu crosJon and arcumula t1on In the rt vpr 'alley 

Jn 11s course a r1ver often encounters rocks of unequal 
hardne s TIJe harder rocks r.rstst creston betlcr and rap1ds 
.nnd Vt atcrfalls appcrnr Vtherc they arc clposed to lbe \'water 
( F1g 48) Each of tbc~c ra p1dc; and '' atprfalJs ts a local 
base level o[ erOSion all SeCtions of the riVer above thiS 
ri[t rnptd or waterfall butld up thc1r profilo \Vlth respect 
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to th1s new base le' el, 
wh1le the river s ma1n base 
le\ el 1s In tts lower course 
near the mouth The same 
ptcture 1s observed "hen 
a r1' er 1s art1 fic1 ally 
dammed 

After Jt nas WOrhell out 
1ts oVwn proftle of equtllh 
r1um 1t ceases to deepen 
1ts channel bed eroston 
1n the upper reaches gtves 
place to Jaterai er-os1on, 
and the shape of the valley 
changes from a V to a U 

ln the course of a r1ver s 
acttvtty 1ts valley may 
become very" tde and filled 
ent1rely wtth alluv1um In 
tl11S period the flow loses 
Its force and bed eros1on 

l 

........ _j 
~~ ................................. 't_~~ 

cea"=.cs F1g -48 r.IountaJn l\.ateriall 
There are three stages In 

the development of a r1ver 
the youthful stage 11\hen bed erosion prevatls the mature 
stagP, when lateral erosion develops tntens1vel~ and 
la~tly the old stage Vtben eros1on stops Very often sepa 
rate c:.eclions of a r1ver are 1n d1£ferent stages of development 
tntenSt\ e cros1on may he proceedJng In the upper rcache'i 4'.tt 
a time when at tts mouth a r1ver Is already approaching 
the old ~tage 

A rt\ er dra1nage S)stcm \VIth the accompanying changes 
•n the rel1ef of the basin occupted by thts system may take 
mnny thousant:ls of l ears to develop As long as the r1\ er 
vall el s are narrow and the spaces bet ween them ( 1 n tcr 
fluvps) w1cle the level of the greater part of the 1nterfluves 
1s h1gher than that of the r1ver 'alleys ThJs ts callLd the 
youthful rel1ef stage As development proceeds the 1nter 
fluves grow narrower and the valleys become v.. 1der tho 
reJ1ef enters the maJuJ?G,_s~ .... LasJk wh aU ultcrnu,es 
are cut ofi and onl~ ··-~nTili.rl tTll: trJr:n!l nnll$;) rAmtJtn 



the ~hole region shifts, as 1t were to a lower level, to the 
level or the r1' er 'alleys th1s Js the old stage of the rel1ef 
Decau e of the very small ~urfnce gradients and the Bhun 
d a nee of all u v 1al de pos1 ts ~ at er eros1 on comes aim ost 
to a stands t 1ll 10 th 1s pcrtod r1 \ er ac tt VI t) ceases and 
the region becomes almost a pl110 or penepla1n 

These successi\ e stages of relief arc called the geogra 
phtcal c~cle To accompltsh 1t a long pcr1od of geological 
t1mc IS required to the course of v..htch the act1on of running 
Y..ater must not be dtsturbcd by any local uplifts or suhs1 
dences of the Earths crust Th1s 2deal de\elopment JS rare 
The changes 1n the Earth s crust usually lead to changes 
ID the gradients of var1ou~ areas and 10 the flo\v reg1me of 
r•' ers 

l n tb e cou rsc of a dr a 1nage sys tern s cl e\ elopm en t some 
stages rnay be etther accelLratrd or Interrupted In tbe first 
ca~e the dra1nagc c;.ystem begtns to grow old prematurllJ. 
In the second the dra1nogc ~ystem IS reJuvenated and 
the r1\ cr begins to deepen 1ts channel and w1den tbe 
v a 11 e Jr These c l1angcs n2 a y be caused e1 tb er h y sccul ar oscJll a 
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ttons of the Larth s crust or h-y substant1al clrm"tle lluctua 
tlODS 

If at a defin1te stage of a rtver S) stem s dev~lopment 
the base level of eroston gradually r1ses the rtver erosion 
curve ~ 111 flatten out and, con~equentlj the force of the 
rt' cr wtll decrease ThiS leads to stnlltt} On thL other 

Fu~ .JO Cross sect1on o[ r1ver terrace~ 

hand tf the base level of erosion drops tho r{ gton Will 
begtn a ne\v geograph1cal cycle the erosion cur\ e v. 1ll 
becomo steeper and cutt\ng lnto the flood plntn the tl.ver 
may beg1o nct1vely to erode the alluvium tl had prev1ously 
de po~1 ted .~t terrace o t erlzanging the flof1d p la tn thus b egtn c, 
to gro'v tn place of a terrace that had been 10 tho Oood­
plntn The samo '' lll happen 1t the c;ource area rtqes 

S1mtlarly tf prcttpttatton Jncrcases In a rtver basin 
the qunnttt} of water 1n the river w1ll also Increase tts 
force wall beeomn greater and croston w1ll tntenst[y A. S}S­
tcm of hcncl1 l1kc terraces strctchtng along the channel 
forms on both b'nks o( a rtvcr 1f the base lovcl rcpcatedlj­
drop~ nnd the area tont,.tntng tho tlppor re1chts r1c:.es 
(F1gs 49 5i) T~nnccs ma) tonsl.s\ oi n\lu\ 1um or oi bed 
rocls They nrc called rock or eros,on terraces ~l1xcd tcr 
rnc~s can also appear Allu\ tal terracc-5 [orm ''hen a rt\ cr 
do~s not crodo ~11 tho sediments 1t has depostlccl~ mixed 
t~rratl.S nr1~o '\ l1e1l n r1' (Lr erod(l'1 all the all u\ 1utn 1n 
tts ... bcd and golS on {() erode .. tf1c baste thnn11~l fr0';-1011 
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terraces only n ppcnr 10 tl1c cnrJy singes of o rzvcr s develop 
mcnt nnd are elongated Jcdgcs on tho nnl1vc slopes of 
valleys 

A study of terraces'\\ 1ll clariC) the }Its tor} of tbe devel­
opment of rJ\ cr "alle)s and or Jnnd eroded by r1, crs 

Flnt countr) r1' crs u'\unlly hnve t\\o or four terraces 
ovcrJ1ang1ng the flood pla1n 1\lounlatn tl\ crs as a rule 
have as many as 18-30 terraces '' h1ch r1sc abo' c c:~ch otber 

I -
J 

FJg 5 t D 1agram sbow1ng tho nrrnngcment of sed 1m en ts on terraces 
z-sedlmentl or a ""1te ahed (Piu ~urn> 1-aerU nenta on •ropes (dcJuvjum) 

J-scdh:nents on a tcrrat""e ( U u\ J um) 

at Jntervals of tens and somctlmlS of hundr~ds of metres 
Because mountain slopes are vcr} stccp1 the r1vers coming 
doYv n these slopes have a steeply d1pp1ng erosion cur\e 
and tremendous forct.. The current 1n mountain streams 
1s extremely turbulent and 1ts destructive force tS very 
gr~at 

The strca ms rising 1n h 1g hI and s usu a1 J y hn ve " at rrf a I Is 
and carve out deep canyons (Fig 52) Above a \\aterf1ll a 
rtvcr usually flo\\s bet'\\ecn lo\v banks and below It 1n deep 
canyons Tr1hutar1es that JOin a r1vcr 10 1ts lo\\cr stream 
ltkL \VIse flo\v 1n deep and narro'' gorges 

'''ntcrlnlls arc cross ledges of hard rock tn tl1e cbanncl 
of a r1 \ er Thert.. are n1 anl' of them In moun ta1n streams tn 
the Cauc'lsus Altai and Central As1a \rcry ft 'v occur 1n 
large flat country rt' crs The bJggcst '' aletf~ lis Include 
1\ 1agara falls 1n l\orth Amcr1ca (50 metres h1gh) and the 
VactorJa Falls on the ZambezJ ll1vcr tn South Afr1ca (133 me 
tres htgh and ncarl} 1 GOO metres wtdc) The erost\ o force 

152 



of falltng water 1s very great and that IS '?why deep p1ts 
(pot boles) are formed dt the foot of a falls and the ledge 
from 'vhtch the -water drops 1s undermined \Vlth the result 
that the over hang 1 ng rock co II apses and the v.. a terf all 1 tself 
ts forced to retreat upstream (Niagdra Falls. for Instance 
recedes upstream at an annual rate of 0 9 1 5 metre~) 
Be)o\V a '' atcr[all the r1vcr flows through a deep can) on 

Bcs1des waterfalls rivers have rapids, \Vh1ch are largo 
boulders or outcrops of hard bedrocl co\rered by \Vater onlv 
during noods 

Torrents In mountttin regtons especially where the 
cl1matt 1s very dry and bot small rivers and streams that 
are usually dry or have very l1ttle 'vater ntay turn 1nto 
po\\erful streams after hea\ y torrential rain and cause 
enormou-== damdgc \Vater pour\ down the stePp mounta1n 
slopes at a great speed tear1ng away rock fragments and 
layers of loose sotl 

Sem1 n1clted Jelly ltkc masses of snow and tee rot"{cd 
"1th mud fall from a great height sl1de along slopes rolltng 
tn front of them small crushed stones 'vater snow mud and 
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sand m1x together tnto a continuous dark sticky mass 
carrying splDDlng stones and boulders In thts va'St mo\ 1ng 
Jumble huge bloch.s of stone buffet each other and colltde 
w1th enormous force The atr 1s tent by a thundrrous 
rudr wh1.eh eomes from the mcunta1ns as a. danger 
warntng 

The d est rue t1' e act 10n of a tm os pher1c water oft en I ea d ~ 
to terr1ble disasters These sudden mud laden violent 
streams caused by he a' y ra1n or by mel t1ng snow 1n h1gh I and 
reg1ons are called torrents 

Torrents carr} to the mouth of their valleys enormous 
quanttt1es of poorly rounded unsorted and unstratified rock 
waste called proluv~um The deposits la1d down by a swJft­
fiowtng stream form huge allutlal fans frequently called 
dry deltas (F1gs 53 54) The cJttes of Alma Ata AndlJan 
and h.okand In Central Asta and several to\vns In the Cau 
casus are sttuated on alluv 1al fans 

~1ud laden torrents are combated by plant1ng trees on 
the slopes of r1ver valle} s hu1ld 1ng dams and so on 

GEOLOGIC \L ACTION OF U!\DERGROUI\D WATERS 

Rocks and Their Relation to Water The rocks ofwhtch 
the Earth s crust conststs ar~ not completPlv c;ol1d Each 
conta1ns })ores and caV1\1es whYeh act as rec.eptaeles lor 
motsture called underground uater to distinguish 1t from 
surface water The pores and ca\ Ities Intercommunicate so 
that 1! there 1s a gradient_or hydrostatic head tht '\\ater can 
move 1n the rock from one cav1ty or pore to another 

No two types of rock have the same capat1ty to let water 
through their poreq Some for e.xample pebbles gravel 
~and fissured granttes and cavernous limestone havP large 
pores and let '' ater through qutte easily while others­
clay unfissured marl unfissured cr}stalline "Chtsts and 
hyaltne rocks to name a few-have fine pores (m1cropores) 
and are almo"t tmpcrmeahlP to water 

A rock s abtl1ty to absorb water lS called tts permea 
b1l1ty Accord1ng to the1r permeabtl1ty all rock~ are clas~1 
fied as a) pcrrneallle rocks b) semi perm~ablc rocks or 
~1 water t1gliC or water reSI~tin[ rocks 
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All p cphltlc uncemcntcd scdJmcntar) rocks ~uch ns 
pebbles gra\ el and sand as \\ell as ~trongl} r.~~urrd rocl..s 
belong to the permeable group Arg1lloc£'ous ~and Ior~s 
peat und fi~c;urrd marl can be consJdercll os em1 p~rm~1hle 
roc~ct All hard unfisqurcd cr) stall1nC rocks and nl~o cln} 
n cl 1sltc unccmcn ted rock, he tong to tiJc '' ntcr rcs1~l1ng 
group 

Anotl1cr Important propcrt) of rocL.s JS thc1r nbilll) to 
rctnzn v. atcr 

TI11S properlJ. called morsture caparrty JS due to tl1o 
cap•llor) .and h)gro cop1c ~tructurc of roch.~ accord1ng to 
\\ h ICh l hf') COO be d IV ld l d Ill I 0 l}lC f o)) (.\\ Jng t hrcc ~ll lCJ:Ofl rs 

1 JlocJ..s \\ 1th n htgh mo~sturc cnpntll) (pe'lt cia) lonm) 
2 nocJ...s "llh D IO'\\ moiSture CllpOClt) (01nrl Joc~s 

ar~lllaccottS c;andst one lJ rc 1llacrous ~nntJ) 
J Rocks \\ 1lh no moisture c1p,c11y (Jgn~ouCJ nnd ~ol1d 

~~dJmcntnry roc~s lnclud•ng n~~ur~d nnd loo~c lrogmcnlnl 
roct., ~ '=-ncb as gr1 \ cl nnd pcbbl~s) 

A roc I--. s mn1sturc capac11 y depends on the ~1zr of the 
por~~ nn d ca' 1 t1c~ bet'' ern 1 ts p1rt tel£'~ The finrr the pores 
thl' grc,t rr •~ tic; mo1 c;;.t ure c1 pacal) nn d the lo\\ rr 1 t c: p~ r1n-rn 
b1l1t) The e-,:pl1nntaon ror thts •~ thal tlu:~ ~ur£.acc lrn~ion 
r11 m~ form 1ng In the C 1 p1fln r} pores\\ hrn ll rock IS c.a lura led 
\\ 1tl1 ''at rr i m pr1~on tht '' n lrr p,rt1cll C\ a 1 read) in lllt' porrs 
nnd a l tJu~~ l\1.ffiC lIm£' pte\ en l othrr \\a 1 ( r p1 rt I Cit c; rrom 
pt:'n£'l r:a t 1 n~ t hrouJ:l• the rocL to the undL rl} 1 ng .strata 

1\1\ n n 11 J u~t r"l t1 on l1cre ~ rc t '' o l' lanl plefili 
T h c ' o 1 d -t~ h ~ t '' (\ c n t l1 c p £~ b hI£"~ 1 n In o c co h L I c r o u n d 

lonl" C1n f~oltl a rtl1.ll\('l) )aiJ!e quantll} or \\illrr but 
L ( c 1. u (t (J r t h -e f ({ ~ d r 3 I n ll J:: e n I rn 0 t nil 0 r I t \\ I t h t l J-(ll (' X 

cc- pt 1on of n cmttll qua.n t ll.) that n1 n1~1 1 n~ tit£" urln.cc of 
cl • ca pt b b 1 t" ru n ~ orr 1 n t o II J (' u n d ( r I } 1 n ~ fi\ t r a 1 n T h "l t 1411 " h y 
llJn~lf9 nntl ()tl1rr pf"rinl'abl~ roc~t\ l1a\l- n ln~h \\nl~r ) 1rl•l 

J \ c.ll 3 rn r I r J C' :Jill d I rr l r (' n t p I c t u r£' I ~ () 1.. ' r \ r tl In c J 3 y 
"- h r n i I " ~, p a II a r l p or ( ~ n r~ :~ t u rat r d "' 1l h \\ 1. t r r Dr} cIa) 
\\ 1 t }l i I~ fll t:: h r 3 pIll .a r) porn It) (Up to fQ I'H r C l n l) n l1 n t l11 

\\ :1. t r r r ;J p 1 d J ) a n J " I u n i t 1 ., 1 t u r J t' d I ~ r n n1 f ~ 1 n 1 r( r rn P-

a t I~ l • c , u t. o r t I ~ co I lr , I r f ~ ~ t 3 n e r o ITer • d to n1 n \ in~ 
• _, t ( r b} I b l u r r ~c.. t t" n I (J n fi I rn ~ t ll ;1: l r rrn () n I Ill" ]HlU n 
d .3 r l t (J f I h ~ (' L1 ) r l t r 3 t tJ rl j n II~~ (' l p II J a r) r 'r ("~ T L ll 
t-J.r!~IC~ tlt- Jo,_. 11tal~r) 1..-ll.! or tl.3y 
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Clay's h1gh caplllarity 1s due to tho Imbricated c;true 
ture of 1ts part1cles by virtue of '"h1ch the pores bet'' ccn 
tbc~e pnrttclcs arc sl1t shaped Thts reduces the cross sec 
\1on ot the pores and 1ncrenslS the nrea o{ con\ntt \'\lth water 

The [olio\\ 1ng g1vcs an 1dea of ho\v gr~..at the motsturo 
capaclt) of clny 1s 1l ranges from 40 to ns h1gh as 70 per 
cent \\bach means that a cuh1c metre of clay con absorb 
and retntn 0 2 0 4 cuh1c ntctrc of ''a tor and sometimes 
even as much as 0 7 cubtc metre 

Orlgtn of Oround \Vaters Ground waters ortgtnatc 1n 

various '"a~s One 1s through the percolation (tnjlltratton) 
of ra1n or rnell1nr sno" 1nto the ground Ground v..atcrs 
may also accumulate tl1rough seepage from natural (lnkes 
r1 \ ers) or arttfictnl (canals storngt laltes) bodtcs 

In some areas ho\\ ever the presence of ground \v a ters 
lS not due to percolation For c~amplc ground '\ a\er occurs 
at a depth ol c.cvcral metres and ~omet1mcs ~:.cveral scores 
of metres In de~crts which hnve no prcclpttatlon throughout 
tne summer and "hcrP e\ apor1.t1on 1s very h1gh !\lore 
often than not this water contains large quantities or mJner 
als and 1s not su1tablc for dr1nk1ng Barkbans frequent]) 
conta1n ~mall quanllltcs of fresh \Vater 1 t 1s belle\ cd that 
this fresh water ov. es 1 ts or1 g1n to the con dens a l1 on of 
vaporous molsturt some of 'vhtch 1s o.lwa)S present 1n tho 
atmo~pherc and 1n tlte atr of the so1l 

Air can hold only a definite quanttty of motsturo Th1s 
quanltty depends on tl1e temperature The htgher tho tern 
perature oi the ntr the greattr ts the quantity ol vaporous 
moisture 1t can ahs<1rh At 0° C a fully saturated cuh1c 
metre of a1r conta1ns up to 4 5 grams of vaporous n1o1sture 
at 15 C 1t conta1ns up to 12 7 grams and at 35 C up to 
40 3 grams Lsually a1r ts somewhat undersaturated at 
35 C desert a1r contains not more than half the normal 
40 3 grams o~ Vf'\_porous molstute ln other words under 
saturation 1n deserts amountcs to 20 grams 1 c the n1r has 
a relat1ve hun1Jd1ty o[ 40 50 per cent On the other hand, 
because of the sharp d1fference bel'\\eln day and n1gnt 
temperaturt s dPsert atr 15 O\ ersaturated at n1gl1t This 
surplus motsture IS ltberatld 1n the form of dew that 
settles on the ground dampenmg and frequently. pent..trat 
mg t't Some """'a\t=T ""Whu:;h sa\u:ra\es the sot\ and recharges 
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thr J fntlflcl \\Art r.._ ~._ CflU"' trrrJ•~cf II" (fu Afr Cf uf._, lfUtUt% 
thr 11irtal In •fr...,~rt• tl~rr• rnrr ~rnun~l • 61lrf" nrl~in:.l,. 
tlaruu1 h tf t~tlrll 1ll1 n c1f lhr '-"ftHfl U' t 1( 1-.lur, In lf~r air 
r1 Jl f]Urnll) C tH1,..tJf Jll 1J I"~ IIUnlflrr •4 urrr f f •nL urf.at'P 
"1lr,..... 

\ ctlr nn lr rrtl rtl on~ ",, ftrq urn 11) a.tcom r, n lrtl b) thr 
('J( cclofl of ,, nCr-r 'nr UlJt-1 1111 .... l•tt ' 1\ rn ~irntf•t• rrnun~l· 
fur •Urtnl.,tn~ lhnt ln ad,llllt f1 lu \ nrloU4t rA~~-. lhr 1nnllrn 
"' , 4 ~ ( 1111. rn n ) 'h II J f1 I II r t h (" u n l ft I n " a l r r \ .. ro 11 f'4 I t 
bn' l~rt n ~Ull- r~lrll lhnl l~rcau " of lf•rir ldrh lrn1r .. raturr 
(huntlrrd" nf drrrr-r"") rn1 rn1nu~ f rr urr anti ~~turt~lion 
\\ilia rn ~ ... lhr tEnt \ nrour~ In tlu~ 1 arth r~Jddl) dl~ nl\r 
nr 'II r t, J • u 'I ~ r lt rt (" f'..,. T ,,.,. ) r I• (f' c 0-- n rei.... r ,, r u r pt r ' 1 J r,. 
of tin I nrlh " cru,l til ~ol\ lnJ lnjncaral ~~~~ ~lancr~ on thr 
"") IJ pnn rr.,rbin, lhr roolrr rrr~nn (lr llll' t :trlh ~ tnJillil 

Lit 1 •t ' n r o u t" t u r '' I o I au t 1 , ~ ~ ' lura l r tl " :~1 t r T h I~ " a l r r 
coni• n t\ t l n1o\ "'"' In'' nr1J ~ thr -.u rf nrr "l1rrr qui lr oflrn II 
i._ ._,Ill \ rt) llnl n lld tun1a in~ n lar~t qun n IiI) or Ill intrll 
ltnpurJIIe.. Tl1l• I• cnJI( tl ":o::tnatlt' or ya11n~ 1\alrr Ground 
\\nit N nrt lu •otnl' rxlrnl tlfchnrkt d ll~rnuJ..t. tbl' lfrh) 
d r n l ion or t h t' '' n t • r b' n r I n J! ru i u 1 r n I " i n tl1 [" 1 n r l h e c ru.! t 
G) JttCUrn 1 rn~l}. 2II,OJ rur rx n 111 plr run ln 10~ 21 pt r C("nl of 
'\ n 't r 1 h i.,. '' n 1 r r i" Ill u r a l r tl \\ I 1 r n I b ~ I!) r u rn r n t r rc 
t h C> Ill r torn n r ph 1 c z n n r n n tl 1 urn~ into n n h l d r 11 c ~I I r a b alai r 
Jl\ n ~ 0 • J 0 J J , (J J co 11 ln in 41\ 5 h r•r r c r nl '' a 1 ~ r ll j " J i bt. rAt cd 
\\ J ~ l n 1 n i r a b i I i l L I ~ d r h l d r n t l' d 

DL p~nd in,:! u por\ 11n I urn I cnnd 11 innq thl' unt.lrrground 
v. utcr'l in 1 ho d i IT l'rl nl rt J:i on~ ()\\ l I ht ir orlf!ln lo on"' or 
!C\ era} ot tho nbo\ 0 r.oc lnrs 

In pr1.ct lc~ ho\\ c\ l'r lht \\ n trr 1n l'\ rn I he drcpr~t 
( l '' o or t h r c" l..tl o 1n L I r 1 ~) n r ltli c 1 n I p 1 t s o r 1.~ 1 u tot ll t.l m "\ tul} 
through iul'iltr1 t 1un i he quint II) uf } ou ug \\ n I rr nut! ala 
\\ atcr lro1n cond~nq1 llon nntl tlrh) d rntJon 1~ £'\ td('ntl) 
very iuconc,idl rn blo 

lttliltrnt1on ontl contl£'n~:~'1tion \\ nt1 ~ nr~ \ l"rl clo4:i£t)l 
rein ll d to tht 111 o1~t url' Ill the at lllo~phcrL .ant.l 1~) d ro~phrr(\ 
TJJl "'e '' n tcrs rot ole con~ ton tl) 1 n on£- n nd thl' ~n rnt' r} clc 
As tl1c '' nlcr or ocrnns ~t as nnd otf1rr r<' l'r\ o1rs £'\a po 
rn tes it Cllnfl!CS cJoUUS \\ IJrro l t contJtll<i('S nntf tJ1cn rn]J-._ 
ID tho form of rnln or SDO\\ 011 the {!round \\JJcro 1t formS 
streams nnd rtvcrs fed b) ra1n and n1cltcd sno\v and ICP 
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thts Vv ater flows to reservoirs The "ater lost by re~ervo1rs 
ls thuc; cont1nuou~ly restored, 1 e It goes through a defi 
n1 te c} cle Some of the '\\a ter f alltng on the Earth s surface 
evaporates,. whtle another port1on 1nf1ltrates 1nto the 
ground, where through subterranean channels 1t ltlewtse 
flo\\ s to reser" o1rs The I at t er port 1 on of ground v- a ter 
reprc~ents the subterranean branch of the general drainage 
of atmosphl r1c prectpltatton and lS called tadose water to 
d1stingu1sh 1t from ) oung '' ater whtch 1s of mdgmat1c 
or•g•n 

In some regions, ow1ng to the cl1mate 75 80 per cent 
of th{ annual prec1pttat1on lS e"\:pended on the formation of 
surf ace and ground ~ a ters n htle Jn other regions the same 
amount IS consumed by evaporation 

G1ven the same or approxim<ttely the same climatic 
condtttons the quantity of water ab~orbed through tnfil 
tratton varies from 10 to 30 per cent on different soils with 
dtffcrent gradients and vegetatton 

~1oreover the quantity of ra1n and snow '\\ ater that 1n 
ultrates tnto the ground depend'l on the permeability of 
the ~otl the type of vegetation the topography, the con 
dtt1ons under wh1ch ra1n and sno\\ fall and under v.h1ch 
snow melts the posttton of the gradients and the season 
In the mountatn valllys of Central As1a for example up 
to 40 45 per cent of the spring dnd autumn precipttatton 
1nfiltrates 1nto the ground most of the wtnter prec1p1tation 
feeds the surface run off, and the summer prec1p1tat1on 
evaporates 

Classification of Ground Waters The conditions un 
d er \\ h Ich ground waters occur 10 the Fa rth s crust and the 
Q\taltty of these 'vaters are extraordinarily varl£ d They 
are therefore cl ass1 fied by tl1e conlll tton~ under "lltch they 
occur and b~ their Q\laltty Let us cx~mtnc ground waters 
as cia stfied by tho cond1t1ons under wh1ch thov occur 

Tl1c pr•nctpal cla~~~ficat1ons arc a) soil "ntcrs, b) sub 
sotl '' atcrs and e) ro1ddle or Int('rstratal v. atcrs 

5o,l watrrs occur at tl1c L.artl1 s surface They aro 10 .. 

flul:'nccd b~ the sc'\sonal cl1ongcs of cltmato 1n summer they 
nrc boated '\\ 1th the result th ~t tit~) C\ npor1.tc 1ntcn-;1vcly 
1u the r'ltny sen on they C4.aluratc the ~o1l turning st Into 
mud nnd Jn \\ 1ntcr they freeze 

159 



"2 I 

F • P .. t ~-----.-~ ..... ~ 

R: .. 

./ 

-.. 

Ft:: ~ ~linn nf • •~II 
I -rr u I • f r I t I f .,. 

T1lt'r '1'1~1\\) ~~~ ... ~\'~ 11n~'"' 
rnr .... -.h.1rJ1 r!l:tr1,.r~ In r l.JMY 

Ill r icl rrr if n~ I h"" ,.nsl rnn l~ In • 
• 1ll n., • at r r ._ r~ r n l lu,. •.u II 
d r i r -.. Ill r • .t II ~ r r.) • 1., I f I .. r 11 n (J 
r ) r 11, a n a 1 L. " I i n ~ t • ~ r .. 1ll rn l r h 
t,, t1 l \on-. "'\tl\ r\t ~\r- h'SU\1\1 

It ) l h r • n i I "' 11 r r.. r u n 111 n D n 
a 1· u n t 1.1 n (... ( r {J r ~ n I c ~ 1 I t ~ l , n t r~ 
"hirh l t\r tiL~In tbr1r )tllov. 
J,ru• n roluur 

~ u I J 'J I L~a t, r J n.r c u r 1 t ._ o n1 r Ill• •~r•lum 1 lmf t 11• • ~,.1 1'-1 <l t 4: t 1\ ncr !tC" rn \\; 't~e ~ u rl '41~(!' ll..-
11 r "ll h I h t rtl I h r ) l1 , ' r \\ JJ :a l I• 

c n 11 r" d n \\ n I r r r1 ,. i -.1 J n J: h r d co n I 11 n , u f n I rn u l lrn Jlt r 
lltrn hlr rncL til ''o"'t rr, fJUrn l J) llzr • ..., rr c ,, ) ,.. c I i1) II L l rue 1.111 

rn nnoltl h ic J i rur"'l on~111 ... r h l,.l" nrnl ulht r rtJC L ~ 1 ~ ·~ )J) 
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\\ n t I' t-4 I" t h n t I h ft) h n \ " n "' n t r r rt ~ 1 ~ t • n r b t t t b t n t , 1 h t he n1 
lllC.nu._t' o( tllrt mJrc- or lt~ th\(\-. l1~~r u( \\ tlt.rl "~ rtlt.l 
! r [l l r 1-lt U R' r r n In I h r n I If J ~ 1 1 r I h "" -. u r f ncr llu ('I' \\ n 1 t r"' do 
not hn\(' .,urh n IJii! nrnplalutfr or trznpcrntUrl chnnJ,:r1 "~ 
,-;oi I \\ n lr~ \\ hrr~ -.u!J~OJ I \\ ft I I t" uccur n l n tl t I I h ur l \ rral 
Oll'lfr-~ ("II h I hfl I'! Ct pllon ur tht prrn1n fro~ t znn1) l l1r) 
nco\ t r frl'~Zr nnt! tht ir It rnf't r1turl dor~ nul hu\\ nn} 
con" ulrrn b IL ~I rop uu l hl" ut It r h null 1 lu l nrl not hr1lt d 
~o rnuch In !'-urn rnt r n'l -;uti \\ n tt r& 1 hn t 1, \\ h} .. u h4\o1l 
\\ n I rriJ ~t C'IU to br cunl 1 n ~niUUlt r n nd \\ n rrn 1n "1n lrr 

T h [' ~ (' \\ a t ~ M d I rr l r J: r l n t I ) I n q ll , II t l n .. \\ l J I b 0 rn t­
roc~~ contnan \lr} llttll uluhlc tl\UIP~t,n~t ~ nnd tht \\atrr 
in lhl'Ul 1~ frl~h nntl coft (lhr ''nit r 1n nrt.nnc1nuq tfr-pn~tts 
( 0 r I X n n1 J1 1 l') 0 11 l) I l' 0 t h ~ r l' X I r 1 Ill t ll J l tr. U h u I ) \\ , t t ~ nrc 
ltnrtl nn d bruc~ l ~~~ (Inti 1n dl "ftrl t lu l nrt lrl q utnll} ~1ft.> 
D rJnc-q. Jrorn \\ h ICh COJilUtnn -tn) l 1-t prndnct tl f orrn \\ hrro 
Crountl \\ n ler"l pr-rcoln Ill I hruuJ!h rock~ run In Ill I Of! n lnrgo 
qunnt tly of hnlllC nnd othr r t a~ll) uluble ~ 111~ 

The ~u rrnco or ~ub~oll \\ n ll N I~ c ~I IL d liJ (' '\ n t cr tn blc 
The d'l pll1 nt \\ 11lt.h th1s v. a\cr tnble u~cu~ r \1\i'!l '\ (ron\ 
0 to 20 rnctrrs nntl over drprnd1n~ on tht dcplh or the 
water rcs1Sl1ng ln.) cr ontJ tho thtch.nc~s o[ tho \\ ntcr salu 
rated (wntcr bcar1ng) Led 
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As ''e move from north to south v.e shall find a certa1n 
lrregularity 1n the depth at '\\h1ch subso1l 'vaters occur 
For e"l.ample 1n regtons wtth excess1ve hurotdity the"e 
\Vaters lle very close to the surface there 1s an abundante 
of subsoil waters In the~c rcg1ons and tt 1s fresh and contatns 
a large quanttt) of organ1c substances Farther south the 
depth at ''h1ch sub~o1l waters occur Increases together 
\\ 1th the m1ncral content 1n them 

Subsoil \Vaters are ob~erved 1n the alluvial deposits of 
r1ver valleys In these valleys they are undoubted) y fed by 
rl\er "ater 1n addttton to preCIJ~ltation and the Inflow of 
subsoil \Vater from the slopes The quantity of these suhsotl 
waters depPnrls on the th1clness and con1position o[ the 
alluvial depostts There IS generally "ery little suh~otl 
water 1n the cldy r1ch allu' Ial depos1ts of small r1vers 
In the vallels of the Volga the Dnteper and other btg r1verc; 
tl1c alluvtum ts ~everal tens of metre') tl11ch and consists 
ot arenaceous depos1ts under these condittons therP IS 

an abundance of sub~o1l water Th1s abundance ts ltn:ked 
up wtth anc1ent glacial 'alleys consisting largely of quartz 
sand and embracing vast expan~es OnL of tbe~e 1~ the valley 
of the Yauza a tr1bt1tary of the 1\losk va Rtver The ancient 
alluv1al deposits of this r1ver ha\ c for decades been yteld 
1ng nearly 4 000 000 buckets of fresh water a day for ~los 
cow 

The su bso1l wa tcr I eve 1 v ar1 es consIder ab I y and IS governed 
by atmospheric cond1 t1ons the precl pttat1on regime the 
surface run ofi regime the vegetatton, and other factors 
\Vater l}Ing close to tho surface 1s exposed to pollution 
Subsoil \vatcrs havf' no hydrostatiC head w1th the result 
that \vhen they art tapped they usually rema1n at the1r 
Ortg1nal depth 

1'hL surtace contour of subsoil waters reproduces a 
smoothed variant or the Earth s surface relief and therefore 
\\here the \Vater tablL slopes the) form a stream In raro 
cases usually \\hera the v..atcr rls1st1ng bed subs1des thtro 
are sections '' 1th btagnant Vv ater the~e secl1ons are called 
subso1l water basins 

Subsotl "ntcr emerges to the surf a co 111 the form of grav1ty 
spr1ngs \\hPro the v..nter bearJng bed Js Jntersected by a 
vallLy or truncated by the shore of a sea or lal ... c The surface 
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o£ the underground flo'v descends gradunll) 1n the dtrcct1on 
of tho d1~chnrgc and forms n depresslon !urjace 

Th1s ~tlrlace may be lncl1ncd to"' ards or a'' D} from the 
basJn {F1g 5G) In tiJt first cn~e the ~uri ace "nters 1re fed 
by tht' ground \\ atcrs nnd 10 the second the ground \\ at(!rq 
nre fed by the surf nee \\a tcrs 

---------- ..... --------.... -.._. 
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F1g 56 Depress1on surface 
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a) river ted t. y ground wuters L} t1ver I ed gfounrt wa ter1 

The relatJon bet\vecn the lc\ cl of ~ub o1l u ater and that 
of the rl\ ers n•a1nly depends on the cl1mate In a hum1d 
and tcm perate cJ Jm ate the rJ' ers arc fed bl subc:o•l ''a ters 
wh1le 1n reg1ons '' 1th a dr) c l1ma te the rc' erse IS observed 
1 e the ubso1l wat~rs are fed b) rivers It must be noted 
that man grently Influences the relation Letwct.n the level 
of sub~o•l and of surface waters 
Th~ dliTerence bet\\ ecn mlddle (lnterstratal) uaters and 

subso1l waters ts that the) ha" c a '' .atcr rcsl~tlng roof (con 
fin1ng bed) abo\ e them Th1s pte\ cntc; the surface v.-aters 
(ra•n snow and r1ver ~ater) from 1nfiltrat1ng down to the 
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level of the m1ddle "aters (F1g 57) Cons~quently, 1n 
con tr as t to ground \Vaters "hose alrmen tat 1 on regt on ts 
usuall} located near by the altmentatJon regton of m1ddle 
waters may Gometlmes be hundred~ of kiloml.tres away 

lntcrstrata) aqu1lers may be tapped tn a r1ver valley 
cr a deep rav1ne \Vhere ~atcr WJIJ .flow 1n separatL Jets 

FJg aJ7 Dtagram of arte.stan "atrrs 
J--R:ate.r reslS!Jng bej 1 =-\1-.a let be3rlDg b~.Oi 

(spr1ngs) or 1n a cont1nuous stream (F1g 58) Here the 
underground water Do\\s from th-e alJmentatJon reg1on to 
the rJver 'allel along the Jnc]Jned surface of Its \vater-­
reslstJng bed th1s 1s ealled descending water In so fat as 
It JS farther from the Earth s surfac~ than ground \later 
tts temperature JS more con::.tant than the latter s ln lvclls 
reach1ng down to th2s 
water the annual tem 
perature does not flue 
tuatc more than 
i 2 C Tl1e quJl1ty of 
lDltrstrata1 descend 
1ng water depends on 
tllo quantJty oi ea~1ly 
so1ub1e salts Jn the 
w.at~r be-ar1ng rock 
througJJ l\hJch th1s "'a 
tc.r flo\VS J nt.crstr1t 
nl uatcr~ may thus 
be so[l l1nrd or s11ty 

ln ~omc ca~os the 
•nterslratal oqu1fer 
ha~ n~ d\t~~\ -d\~ 
charge 'Vater nccu T1g 58 Cond' t 1ons under '\\ h1ch spr1ngs 

lpp~ar Jn vJl}e] s 



mu1ates 1n 1t fill1ng 1t up to the le\ cl of the confin1ng bed and 
as a re~ult de\ elops a Ill drostat1c l1ead The D11gn1tude of the 
hc'ld dt pend~ on ho\\ uJuclt b1ggcr tlte nltiHlill 1l1on region 
of an aq u1fcr JS than the discJuJrgL drl a of tl1e Intt..rstra tal 

- .....,"' •-:= __.a : _..,__,. '""""""'" ...,.., -;a_,_.. __ __. .. ---
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F1 g ,uf) A gush 1ng n rtcs1an v. c lJ 

t 

''a ter If a'\ ell cuts tlJ rougl1 tlle con fintng L~d and rrachcs 
the 1ntcr"tratal '' at£l'r tl1e '\at.er tn tl11S '' lll \\ 1ll r1sc as 
far as the h) drostatJc head p~rn11tc; \Vlu. rc thl surface 
to pogra ph} IS fa\ ourablc the \\ atcr \\Ill rJSC to t}lC Surface 
or l \ eu gu"-lt out 

An t~rt e 1nn • ''ell (F1g 59) ss one ~ h( rc ""a tcr r1 cs by 
• t rorn Art~s1um C \rlols) a rt:'g-lon JD the north ol France ")Jere 

bead Willers ""ere stud1ed ln detail for tbe first t1me 
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hydrostatiC pre sure and an lnterstratal \Vnter lev1 l -w1th 
a head IS called an artes1an watrr beartng bed A dov.-n 
v arped ~trat1fication IS tl1e ntost fa, curable for the forma 
t1on of arte~1.,n waters 

The altmentntion and propagatton aTlas of 1nterstratal 
waters form artcs1an basinS There are many of the~e bn~1ns 
tn the European part of the U S S R the n1ost dEl\ eloped 
bc1ng the 1\tosco\v Dntepcr Don and Black Sei bas1ns 

l\iany 1ndustr1al and comiilunal enterpr•ses u~e a.rtes1an 
" a t1 r "h 1ch, comt ng from d ce p le' els 1 s freP from hac t crt a 
and other orgnntc pollution 

A chdracterl~t•c feature IS that tn all artes1an bastns 
deep seated aqutfers contain the saltiest water For example, 
near 1\1 osco\V "'a ter bear1ng beds 1 n car bon 1 ferous de pos1 ts 
at a depth of 300 n1etres yield fresh arteSidn water Beds 
ly1ng 1n Devon1an dcpostts dt a depth of 500 GOO rnf\tre~ 
yteld braektsh \Vater whtch IS somettmes used as Dltneral 
"'atcr and beds occurring at a depth of 1,500 n1etres y1cld 
brtne ''tth a common salt content of 275 grams a 
ltlre 

A number ot !actors govern the mtneral content ol under 
ground "aters and the change of th1s content With depth 
The first 1s that 1n 1ts p'lth '' ater encounters varlouc; more or 
less eac;tly soluble n11neral masses the ~econd IS that the 
water s ab1\1ty to dl~solve minerals depends on the tcm 
pcrat11re: the pre surP and al~o the content of gdscs and 
salts 1n 1t For example a lltre of water contatntng no 
carbon diOXIde can dlS"olvc only a tenth of a gram of calc1to 
If \hts snmo quantsty ot "1tcr 1s saturated With carbon 
d IO"'{tdc tt '' 1ll d 1s ol vc a t\\ o or three times larger quant 1 ty 
of cnlc1tc 'Vater saturat~d \Vlth carbon dtoxtd( can there 
fOfC' d1 ~Ol\ e QUitO a large quantltj of llmPStone 1S Jt per 
tola\t-"; tllrough tl11s roth. llowcver some of the ca\c1te 
d1s~olvcd tn \\atcr w1ll be precipitated 1f the carbon diOxide 
evaporates 

/lot Aflne,.al Springs As '\\c ha\ c nlready potnted out 
the {('mp~r~t\ltc ot undrrg"tound v.- ,,c~ depends on how 
deep they lie The l£\mpernt11re of rround \vatlrs occurr1ng 
docr;o to the Earth s surface undrtgocs c~a.::onal changes 
The tem~crature of dceQ ~c1.lc.d waters .ts. W.Qt'! Qt: l&s. 
constant 



\Vater With a temperature of up to 20° C ts called cold 
of from 20 to 42° C warm and of 0' cr 42 C ltot 

Hot 1A ater'\ rtsc to the Earth s surface from great d~pths 
and most frequently occur near volcanic foci (act1ve or 
e~t1nct) Gcjsers hot spr1ngs wh1ch at regui 1r or Irregular 
Intervals throw D Jet of hot 'vater and steam Into the atr 
are l1n"cd up '' 1 tl1 vo1caillC foc1 

Ifo\' ever the h1gh temperature of a sprtng IS not al\\ 1}S 

e\ tdcnt...c of 1ts ac::.~octation wtth magmatic cf1ambers \\ aters 
of surface or1g1n that reach deep Je, els and then r1~e to 
the ~urface aga1n arc frequently l1eated b) the general 
Increase of temperature w1th depth 

The temperature of hot spr1ngs Is constant and docs not 
depend on the c;.eason But th1s tempcratur~ IS Jlot un1form 
at Gor)uchcvodsk In the Caucasus the temperature of the 
bot spr1ngs 1s from 44 to BO C at P}atJgor~k from 27 to 
51 o C at Zhclezno" odsk 44 C and of the Arasan Spr1ng 
1n the Angren Das1n (T1en Shan) ~9 5 C 

The depth of a spr1ng open1ng can be calculated h} the 
geothermal grodJcnt Spr1ngs 1n \\.htch the '' ater has a 
temperature of SO C for e'tamplc should r•~c from a 
depth of nt least 3 500 metres The or1~1nal temperature 
of th 1s n 1fcr n auld prababl y be over 100 C because .as 
"ater r1ses to the surface It loses pnrt of 1ts heat to tho 
cooler rocks .around It 

If maneralt'icd '' atcr IS evaporat("d 1n a porcelain cup 
1t '' 1ll I c ... , c a d ~n~c resJdue It lS usual I} d rJ ed at a trm 
perature of 105 110 C and expressed tn grams or n1tll1grams 
of dpn~e or dr) rcs1duc per l1trc of \\D.lt.r 

\'ern ~dsL.l suggested grou p1ng \\at ers as folio\\ s occord 
1ng to th~•r degree of mJn(_)ra Its at 1on fr£~c;;h \\ 1t l'r-u p to 
a gram of d £In e rcsJduo per l1tre ~, J 1nc ",. ter- 1 50 grams 
per l1 1 rc 'lnd br1nc- O\ er 50 grams. per l1 t rc f rec.h \Vater 
lfii subd•\ 1drd Into hard (0 25-1 gram of den e r~~Jduc p~r 
l1tr~) and oft (ll ~ lllaD 0 25 gram of den C rC~ldtlC per litre) 
~at~r 

Ground ll'aters In the Per7tafrost Zan Jn perpctu 
.n II) fro:tl n grountl the tern pcrn t ure ho~ Lt. en nf'J:a t1' c O\ cr 
n. c.u~t a1n£'d per1od of man} dE."'ca dcfi\ Pcrmafroc;t occurs 1n 
f(l~lons \\1 I h n u Lzl'ro m~an annual tcm p(lra t ur(' nntl ~~ 
due to th£' r~cl th ~l tbe L( d rncks ben(rtth It rrrczc ID \\Inter 



and~ w1th the e-,:coptton of the upper part called the acttve 
la)cr, do not thaw out 10 summer 

The occurrence of ground waters tn the permafrost zone 
depends not so much on the composttton of the rocks as on 
the degree to "htch these rock'l are frozen permafro~t 
layers are lmpermeable and th1s leads to a untque ctrcula 
tton of ground waters 

N Tolstthhln has ~ubdtvided the ground waters of the 
permafrost zone 1nto the following three categories 1) ~uper 
permafrost, 2) tnterpermafro~t and 3) tnfrapermafrost 

Su perpermafros t " a ters whtch are con fined to the ae t 1 ve 
layer can be regarded as ground waters They are re 
charged by prectpttat1on, percolation of surface water 
dnd subfced1ng from the deeper aqutfers 

These \\a tl rs d epcn d on seasonal fre e7tng and melt 1 n g 
fhe1r mtnrral content 1s low but they conta1n a large quan 
t1ty of organic mater1al They cannot be recommended for 
drtnktng because organ1c substances decompose tn them 

Suprrpt.rmafrost '\\ aters Pxpand when they freeze and the 
re~ullant tremendou, pressure forces compltant ground to 
bulge and form hydrolaccol1th containing hurumochs \Vhen 
these hummocks burst part of the water ln them pours 
out and [orms bodies of 1ce Th1s deformation of the ground 
has to be taken Into account durtng huiidtng 

lnterpermafrost and 1nfrapermafroct water~ do not freeze, 
this betng due to tho excellent permeab1l1ty of the rocks 
the d 1 ~charge of thermal " a ter from I ower 1 y1n g 1 evels 
and the 1r I oca t1 on bene a tb r• ve rs and lakes These "' a ters 
ha"\ e an unchanging regtme and arl pure and this makes 
them Important as a source of supply for the U"surt and 
Transba1kal rall\\ ays 

Alovement of Ground Waters Ground \Vaters generally 
move many t1mes sl ov. er than surface waters, aver ag1ng 
0 5 1 metrt a day 

fhe1r rate o[ advance depends on the SIZe of the pore\ tn 
rocks (the rate of movement 1s faster through rocks w1th 
large pore~) the hydraulic gradtent of the carrier rocks 
the dtstance they travp) and the temperature wh1cb go\ 
eros the1r vtscoslty ln poorly permeable rocks -vw ater 
tah.es months to travel a dtstance o[ a few hundred metres 
Tlus e:x.plams v.hy dry years allect the dtscharge of sprmgs 
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\Voter with a temperature of up to 20° C 1s ca.lled cold 
of from 20 to 42° c "'1rm nnd or 0\ er 42 c llot 

Hot '\ atcr~ rlSC to the Enrtll s surfocc rrom ~re'tt depths 
and most frequently occur ncar 'olcan1c foct {actt\c or 
e"ttinct) G~l sers l1ot spr1 ngs '\ ltlch n t rrgul1r or ttreguJ ar 
1nterv al "- thro\' n Jet of hot '' n tcr nnd steam 1nto the a1r 
are l1n J...ed up \\ 1 t h volcan JC foci 

H 0\\ cv~r the IIIgh temperature or n ~prlng IS not al\\ 3lS 

evtdcnce of 1ts a~socint1on w1th mngmnl1c chnmbcrs '''aters 
of surfocc ortg1n thnt reach d~cp lc\ cls and then r•sc to 
the surf nco nga1n aro frcqucn tl) ltca ted bJ- tho general 
tncrcasc of temperature 'vtth dcpllt 

Tlte temperature of hot spr1ngs Js constant 1nd does not 
depend on tbc SC'ason Dut th1s temperature 1s not untform 
at Goryache'\ odsk JD the C1ucac;us tJlc temperature or the 
hot sprtng~ ts from 44 to 80° C at P~ atJgorsl from 27 to 
51 C at lhclezno' od~k 44 o C and of the Arasan Spr1ng 
In the Angren Dastn (Ttcn Shan) 19 5° C 

Tl1e depth of a sprtng open1ng can be calculated by the 
gcothern1al grad1ent Spr•ngs 1n 'vh1ch the ''ater bas a 
temperature of 80 C for e"Xamp]e should r1~e from a 
depth of at least 3 500 metres Tl1e orJt:!Innl temperature 
of th1s water \\ ould probably be over 100° C because as 
water r1ses to the surface 1t loses part of 1ts heat to the 
cooiLr rocl s around tt 

If mtneraltscd '" ater IS evaporated 1n a porcelain cup 
1 t "'1ll lea' e a d£"nc:.e residue It ts usual l) d r1cd nt a tern 
perature of 105 110° C nnd expressed 1n grams or milltgrams 
of dpnc;e or dry res1due per lJtre of '\\atLr 

Vernadsly suggested grouping \\ otcrs as follo,,s accord 
1ng to tl1e1r degree of m1nera ltsatlon frrsh ''at rr-up to 
a gram of denc;e res1duc per l1tre s1.l1ne \Vatcr-1 50 grams 
per lttre and br1ne--ov~r 50 grams per lttrc Frc"h '"ater 
IS suhdlvtdcd Into hard (0 25 1 grnm of den~o res1duc per 
l1trc) and soft (less than 0 25 gram of dense residue per I1trc) 
water 

Ground lVaters in the Permafrost Zan, In p~rpt-tu 
ally rrozcn ground the temperature has been ncgat1vc over 
a sustatncd pertod of many decades Permafrost occurs lD 

rcgJons \\tlh a subzero mean nnnual temperature and 1s 
due to tltc f~ct that the b~d rocks beneath 1t freeze 10 '""'ntcr 
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andi With the except1on of the upper part called the nct1vc 
layer do not thaw out 10 summer 

The occurrence of ground waters 1n the permafrost zone 
depends not so much on the composition of the rocks as on 
the degree to whtch theQ,e rocks are frozen permafrost 
layers are 1m permeable and th1s leads to a un1que c1rcu\a 
tton of ground "aters 

N Tolst1kh1n has subdiVIded the ground waters of the 
permafrost zone 1nto the follow1ng three categortcs 1) super 
permafrost 2} tnterpermafro~t and 3) tnfrapc-rmafrost 

Su perpermafros t " a ters w h tch 1.re con fined to the act 1 vo 
layer can be regarded as ground waters They are re 
charged by prcctpltatioi1" percolation of surface water 
a.nd subfccd1ng from the deeper aqutfers 

These waters depend on seasonal freeztng and melt1ng 
Thetr m1nPral content IS lo\v but they conta1n a large quan 
t1ty o[ organtc material They cannot be recommended for 
drinhtng because organtc substance~ decompose 1n them 

Suprrpermafro~t waters P-xpand when they freeze and the 
resu\tant tremendous pres~ure iorce~ compliant ground to 
bulge dnd form hydroiaccolith conta1n1ng humntocks \Vhen 
these hummocks burst part of the water 1n them pours 
out and form~ bod1es of tee Th1s deformat1on of the ground 
hac; to be taken Into account dur1ng butld1ng 

lnterpcrmafrost and 1nfrapermafrost waters do not frc~.-ze, 
thts be1ng due to the excellent permeabtltty of the rol.hs 
the d 1 ~charge of therm nl " a tcr from lo\\ cr I~ 1 n g levels 
and the1r locat1on benes.th r1' ers and lahes These v. aters 
have an unchanging regtme and are pure and this makes 
them Important as a source of supply for the Ussur1 and 
Tr a nsha1k al ra 1l \\ ays 

Alovement of OroundWaters Ground waters generallv 
Jnove roa.ny ttmes sloV~er than surface waters averagmg 
0 5 1 ffi\.tre a da~ 

Tl1e1r rat1 of advance depends on the stz.e of the pores 1n 
rocks (the rate of movement tC!. faster through rocks wttb 
largn pores) the bydraullc grad tent of the carrter rocls 
the dtstance they tra .. pi and the temperature \\hicb gov' 
ernb. the1r '1scos1ty In poorly permeable rocks w t 
takes months to travel ~ dtstance of a fev.. hundred m ta er 
'rl11s cxplatns why dry ')ears afiect the d1scharge of e res 

sprtngs 
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\Vater \Vtth a temperature of up to 20• C IS called cold 
of from 20 to 42° C ~arm nnd or ov~r 42°C l1ot 

llot '' atcrs rtsc to the Eortl1 s surface from gre1t de-pths 
and most frcqucn tl y occur ncar "olcnn1c r oc1 (net 1\ c or 
e"ttinct) Gel ~ers l1ot c;pr1ngs '' l11ch nt rrguinr or 1rr~gular 
Jntcr\ ale; thro\v n JCl of hot '' alLr nnd steam Into tho atr 
arc l1nk.ed up 'vl t 11 volcntliC foc1 

]f 0\' e\ Cr the h1gh trmp~r1turc or B ~pr1ng IS not aJ\\ 3}S 
evidence of 1ts a~~oCilllton w1th magmalJc chamb('rs '\ oters 
of surf,cc or1g1n that reach drcp ]c, cls and then r1sc to 
the surface nga1n aro frequcntl} l1cated by the general 
tncrca~c of temperature 'vtlh depth 

The temperature or not springs IS constant and docs not 
depend on the season Dut th1s temperature ts not un1form 
at Gor~ acllcvodsk lD the Coucnc;tiS tile temperature or the 
hot ~pr1ngfi5 1s from 44 to 80° C n t P) n t 1gorsJ... £rom 27 to 
51° C Jt Zhcleznovodc;k 44. C and of tho Ar1.san Spr1ng 
1n the Angren Das1n (T1cn Shan) 19 5° C 

The deptl1 of a spring opentng can be ca1culntcd b} tl1e 
gcotherrr• nl grad1 ent Springs 1n wliJcli the ''a ter has a 
temperature of 80° C for C'tampJc sbould liSC from a 
depth of at least 3 500 metres The orJJ!lna1 temperature 
of thts water would probably he over 100° C because as 
Vw a ter r1ses to tl1e sur£ ace 1t loses part of 1 ts heat to the 
cooler rocl s around 1t 

If mtncraltscd \vater 1s evaporated 1n a porcelain cup 
1t '' 1ll lea\ e a den..:;e rcsJdue It IS usually dr1ed at a tern 
perature of 105 110° C and c~prcsscd 1n gran1s or millJgrams 
of denc:;e or dry res1due per It trc o£ \\ ater 

Vern ad sh. y su ggcst cd grouping '' at ers as f oll 0'' s ace ord 
1ng to tl1e1r degree of mtneralJsation fresh '' ater-up to 
a gram or den4i:.e rcslduo per latrc saline '' ater--1 50 grams 
per litre and br1ne-o\ cr 50 grams per l1tre Fresh \Vater 
ts subdJvld~d Into ha.rd (0 25 1 gram of dcn~e residue per 
lttre) and soft (less than 0 25 gram of dense res1due per l1tro) 
'"ater 

Oround lVaters in the Permafrost Zon.. In perpctu 
all} frozt..n ground the temperature l1as hlen nrgattvc over 
a su~ta1ned period of many decades Permafrost occurs 1n 
regions '' 1th t=t subzero mean annual temperature 1nd IS 

due to the fact th ... t the bC'd rocks beneath 1 t frce~c 1n '' tntcr 
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and w1th tho cx.ccpt1on ol the upper part called the nct1vc 
lnjer do not thaw out 1n summer 
Tb~ occurrence ot ground waters 1n the! pcrma{ro~t zone 

depends not so much on tho compos•tton of the rocks ns on 
the degree to whtch tl1cc.c rocks nrc froz~n pcrma£rost 
layers arc 1mpernt11nhle nnd thts leads to a un•quc Clrcula-­
tton of ground "atcrs 

N Tolsttb.l11n has ~ubdtv1dcd tl1e ground '\\ nttrs of tl1o 
permafrost zone tnto tltc [ollo\vlng three cnlcgorJcs 1) super-. 
permafrost, 2) lnterpermalroc;t and 3) tnlrapcrn1afrost 

Supi:!rpermntrost wntets \Vh\ch are conrtncd to the. actlVQ 
Ia} er can be regarded as ground waters They are re-
charged by precipitation percolation of surface water 
and subtccdtng from the decp~r &qu1icrs 

These \Vaters depend on season 'll freez1ng and m~lttng 
The1r m1nrra.l content 1s low but they contain 1. large quan 
t1ty of orgnn1c material They cannot be recommended lor 
dr1nk1ng hecau~e organtc substances decompose 1n them 

Superpt.rmafrost waters expand whon they freeze nnd the 
resultant tremendous pressure forces compl1ant ground to 
bulge and form h} drolaccoltth containing huntnlocks 'Vhen 
these hummochs burst part of the \Vater tn tl1em pours 
out and forms hodtes o[ 1Ce Thts deformation of the ground 
has to be taken tnto account during butld1ng 

lntet}lerma{r()st and 1.n£rapetmalrost watets d() not trect.~, 
thts betng due to the excellent p~rmcabtlity of the rocks 
th.., d tscha rge of thcrm al '\\at er from I ower I~ 1 n g I e\ els t 
and thelr l oca. tton ben~a th tl"' ets and 1 akes 1 hcse waters 
have an unchang•ng rcg1me and are pure and th1s rnakcs 
them Important as a source of supply for the UssutJ and 
TY.ansba1ka\ ra1l\\ ays 

JUovement of Ground Waters Ground watPrs generally 
move many times slower than surface water<s averagmg 
0 5 l metre a day 

Th~1r rate of advance depends on the SlZe of the pores 10 
rocks (the rate o£ movement ts faster through rocks V.lth 
large pores) the bydrauhc gradient of the carrJcr tacks 
the dtstance they tra \'{'I and the tern perature 't\ hich 
erns thelf \o1scos1ty In poorly permeable rocb gov 
taheo; months to tra'el a dtstance of a few hundred '\'tater 
Tlus cxplams why dry years a!Iect the discharg f metres 

e o spr1ngs 



0 n I ) n r It r l ( ll u r t \\ ( I \ I 111 0 n ll... I ) r ~ r i I r II II~ •I 0 ~ r n I (' 0 r 
ncJ\ OllCfl lhr \\ nlrr~ (l~rr(1fl11 n tfl finllr nn(f ttofllt'lltMl', 

\ l'r) n Jlprrci n hi I ~ruln!!JC, I funrllon ll1 I h('y rflrrolo lc 
t hrnu_t!ll rocb q In t h 1~ rr~ peel thr) rnn) J~c rr~1rd£-tl "' 
n roc]t. drql ro} 1ot: nrul nt~o n rock formlnJ: n~rnt 
Th~ tll'slru~til~ acllrlly of grountl ~altrJ (suf{oslcn) 

Ill n n' r rQ.I~ ll~{ If in lh(' t! i CG,oln II on or roc~~ lncch:.n len I 
croc;;Jon nnd ('\ ncu n llun of ~rod rtl (11 rticJ.r.q 

Un l1 hl rJ \ er \\nIt r J:rou nd '' n I rM n rr ~~ron,:: I} cJI,rJ:td 
\\ 1 t h n1 i ncrnl rnn ltrr teornLlirnr! rr:.chl n~ lh~ con~Jslrnc) 
or IJrtne 

111o \\ ntrr (olubllit) or mtn£'rttl! or rocL~ 'nr1r~ The­
n11nrrn 1'1 thnt tl i ~~ot' c l'n~i I> (hu nd rrd .. or ,::rn mg J1<'r lttrc 
of \\ n tcr) J ncl u de rocL czn ll cotf i urn cnrhonn I£' nnd ~od 1um 
5 u I ph n t f\ T h n l J .; \\ h ) roc~ 'E , ll tl c p o ~ J t 1. n n I) oc c u r i t1 n r~ a~ 
'' ht'rc th~) nrc prolrc I l'd h1 I n1 pCtrJnCn blc brds (c In} c.) 

G) p~um ond nnh~ drilo nrC' con~Jdcr£'tl n-. rncdJun1 -=o 
lubl~ I c one Jl1rt dJ~~ol\ c~ in 1SO 550 p1rts or l\ nlrr 
I an1cst one nnd dolun11 tc tl o not d tl\t;.oJ \ c rr"'d al) nt horn1t1 I 
tcm perature nn(f prpi;.qurc It tnkrq f (J()Q J 000 p1.rl~ of 
\\ ntcr IO dJ~~ol\ ~ OIJC pnrt o( J IUlCStont' Qunrtz feld"pnr 
and m 1c~ nrc- pr1c11roll) 1n~olublc 

Gn~c" (cnrhon d IO' 1 de- O~l J::l n II} drogt. n ~u I pl11t1e 
methonc nnd c:o on) l1kc\\ 1~c dl"it"iioi\C in \\nlcr \\ att'r 
hccorncs cnr1chcd '' 1tll cnrhon dJo"<ldc ng It percolates 
through a hu rn us r1ch 'i!J!t tn t1 \ o J n ~ (lr Tho pre~rncC' or 
cnrbon d 10" ld c In \\ n t er lnCrl"nc:.rs lhe ~r;olu hill t l or I Jnlrstonc 
t\\o or three t11nls The orgnn1c suh~tnnct "l 1n '' nlrr net n.s 
reduCing ugcnls o£ \ DfiOUC3. ffilfler.ol compounds 

'Vater contn1n1ng o~)gcn cnri.Jon d1o-.:tdc nnd inorgnnte 
ond organ1c su bst 40Jnccs Js tl1us n po\\ crfuJ gcologJcal fnctor 
whrcl• 1n the cour e or ltmc no rocJ... can rcsl'il 

Tho cnt1rc r1ngc o£ gcolog•cnl phcnorncn~ I1nl.rd up 
\Vllh the partial dts~olulJon nnd erOSIOn o( rocJ...s and the 
formation of s1nk holes 1n them IS called A.ar~t• and tho 
nrcas where tl1e~o phcnom~nn develop nrc called karst 
rcgtons Gypsum nnd limestone oro c~poscd to tnlen 1vc 
karst and Jcachtng mny proceed simultnncously from the 

• N nmcd after the h. a rs l llm cstono d t!:)t r let or l be DIn nrl c AI ps 
ne1r tho AdrlJLle coast of ' ugoslavJa 
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surf nee "lnd from \Vlt h1n 1 \vherl. there arL pores fi'SsurLs 
tracks and so forth Tl1o curfncc of limestone IS leached by 
}ets of streaming rntn or sno'v '' atcr \Vhtcll produces a 
series of more or IC!ss p .. rallcl furro\\S Tl1c~c furro\\s called 
s\\allo\'t l1nlcs (Fig 60), are somctJmcs tens of centimetres 
d~ep 

Ftg GO s,\ 1llo'v l1oles on ltmestone tn a 1 "lrsl region 

The water streamtng do"nn the surface of ltme.stonc f1nd~ 
a fissure 1n 1t penetrates Into the rock through this fis 
sure and carves out a k1nd of \Vell or cave bv d1ssolvin~ th£.r 
rock Thts "ell1s approached through n funnel l1ke hollow 
'fhe water accumulatlng m th1s hollow called a smk 
hole streams Into the 'vell 

As tt moves tn the ltmestone water d1s~olves the rock 
tn tls path he\\ 1ng out stnh.s and channLls thu~ g1\ 1ng 
r1se to subterranean streams \Vlth tr1butartes 5ome of 
these streams hrca1.. through to the surfa(.e where they 
gtve btr\h to l...ar-;t sprtngs Dcpend1ng on the s1ze of the 
ahmentat10n area and on the prcc1p1tatiOn some karst 
$pr1ngs have a ver) h1gh output Small m1lls and po~er 
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stations oro sometimes ht11lt over them A s1nglc J..arst 
sprtng cnn be used to 1rr1g1.lc n land orca of o' cr n thousand 
h~ctares 

Seasonal changes of the qunntttl of\\ atcr 1n J...arst spr1ngs 
are obscr\ ed ''here the alJmentat1on area of a lnrst rrg1on JS 

small A£tcr a tha\\ karst spr1ngs frequently )Ield large 

... , .. 
Ice 

Ftg 61 D1agram of a ca' e 1n '\\hlch •ce accumulates 

quant1t1es of "nter whtch decrease sharpl~ 1f the summer 
IS dry An c't(nmplc of thts are the ~pr1ngs round Len1ngrad 
1n ctpr1ng they ) 1cld "cveral millions of buckets of '' Bter.,. 
nnd tn ''Inter the ) 1eld drops to about 10 000 buckets 

The largest ka~t caves 10 the So\ tct Un1on are the Chatyr 
Dag caves .1n the Crimea the Darnuh.ov Ca, e 1n Gorky 
Reg1on tl1c hula1s1 Ca" es In the Caucasus the N1zhnc 
udtosJ... Cave 1n Stberla the Tul a 1\tu) un Aravan harama 
:.ar and Ugam caves tn Central As1a and tho Teshtk 'fash 
Ca\e ncar Tcrmez 

The 250 ~1lometre long 1\lammotb Cave tn ~ orth Arncr1ca 
IS the h1ggest J...arst cave 1n the v.orld It consists of numcr 
ous pas~ages and gallcr1es some of v.h1ch nrc arranged lD 
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several storeys the 
htghest be1ng 300 me 
tres A river flows 
through the cave and 1 
there are several z 
lakes 

Some larst ca' es 
arc JDore or less filled 
w1th 1ce (F1g 61) Ice 
fills ca'\ es that have 
gradually descend1ng 
passages because of Ftg 62 Sect1on o[ a land ltde 
the- rold alr that accu z-permeable beds -impermeable beda 

mulates tn them ln 
w1nter these caves freeze and then 1n spr1ng' a pour and wat 
er get~ 1nto them and also freeze But because cold a1r ts 
heav1er than \Varm atr there IS no exchange and the cold 
a1r remains stagnant 

There are Jte filled caves near Kutb}shev The l\. ungur 
Cave 1n the Urals rr•er1ts special dttention It IS the langE st 
gyp~um cave 1n the Soviet Un1on and the ~econd longlst 
In the "orld Located on the r1ght bank of the Stl va 
Rrvcr near the to'\\n of h.ungur It has more than a hundred 
grottoes and pa~sages "'1th a total length of 4 G ~tlome 
\res In 1t there arc 36 lakes Including 19 btg ones The 
b1ggcst bas an area of 200 square metres The lahcs 
are s1 ~ metres deep, and the temperature of the water 1s 
4 4 5 c 

1'\ar~t processes are also observed 10 loe~s and loam and 
to dtstinguish them from karst processes 1n l1rnestone and 
g)psum the} are called clay or sma]l karst They are very 
"1despread 1n the hopet~Dag 1\lountain~ 

Landsltdcs and rock a\ alanchPs along the stdes of rivers 
lakes and seas \Vhere underground 'vaters rtse to the surface 
are another manife~tat•on of su(foston 

Landsl1des occur most frequently on slopes cons1sttng of 
hlds of permeable and 1mpermeable rock {F1g 02) The 
surlnce of the 1mpermeable bed IS soal..ed and becomes 
sltppery ~ 1lh the result that under tile 1nnuencc of 'artous 
extern 1l factors the beds overlying tt break a'\\n) and 
sl1p_do\\n 
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Lnnd'31Idcs mny be cnuscd by earthqunkes heavy ra1ns 
that 1ncre1-c;.o tho \\ ctght or tho beds rest1ng on an tmpcr ... 
meahlc Ia) cr erosion of a slope h} a rtver or sea and also 
by man s nct1V1ty (tnc"<pert '' atcr1ng of orchards and 
v cge tab lc fie J d s care I ess d 1 "Cbnrgc of surplus '" at C'r over 
loading by heavy structttrcs and so forth) (F1g 63) 

Landsl1dcs also occur among bedrocks 'vl1en the folio" 
tng conditions oht1.1n 1) In)crs 1.nd fissures sloping In 
the same dlrect1on as the V'\lle)' 2} abundant ground \'later 
3) an Impermeable bed \\Ith permeable beds above 1t In 
argtllaceous and arenaceous arg1ll 1ccous rocks tbrre may 
be I 'lndsl1dcs 1f tl1c bedrocks are horttontal as \\ell Tl1ere 
rnay be landsltdes c" en 1f the rock strata ba' e a reverse 
gradient d1 pp1ng deep Into a slope 

Frequently landslttlcs cause changes 1n the bedd1ng of 
roclt s t '' 1st 1ng 1 t and mt "( 1ng rocks to form repe\ 1 t tons of 
the same strata on slopec;; 

There lt a' c been c ascs of Ian d~l1d es cnrr) 1ng a'' ay large 
port tons of a r 1' cr bank scv cral k1l omt t res I on g and l1 u nd reds 

F1~ G3 R1 \ er bank l3n<blldc 



of ktlometrcs \\tde together '' 1th forests orchards nnd 
bmld mgs The enormous damage caused by such landslides 
makes It necc-:~ary to tahc 5pcttal nlcasurt~ 

One of the prtn<..Ipul "ays of pre' ent1ng Iandslidec; 1s 
to control surface '' atcrs dra1n undtrground \\ atLrs and 
condJct e~rth\\orh correctlj 

F1g G1 Stalact ttP.s and sta lagm ttes 

Constructltte A ~tzvJty of Ground Waters \Vater he 
comes m1ncral1sed dS 1t d1ssol\ es m1ncral mas~es It stops dis 
solvtng mtnerals only\\ hen 1t 1s saturated wtth m1neral salts 
If 1t 1s o' erc:.aturatcd., 1t has to prec1p1 tate c::.ome of these 
salts Sal \S that are hard to d1~sol, e are prtcl p1tated fir~t 

As water o..Jeeptt through and d1ssol' es limestone 1t forms 
calc1um b1carbonate [Ca(HC03)x] "h1ch when the solut1on 
e\'aporates and releases CO ts red.dtly prec-1p1tatcd as 
aragontte The condtt1ons obta1n1ng 1n karst ca' es sttmu-. 
late the prcctptta1Jon of calc1um btcarbonat(.. [rom solutions 
Infiltrating 1nto these caves That ts why the'' ater tr1chl•ng 
dov-n the '\\ alls of karst caves coats them \\ 1lh ~1nter and 
deposits ro1ncral matter on the ce1l1ng and the floor ThPse 
column l1kP dPpos1ts aro called stalactltes and stalagmltes 
{Flg 64) 



A stalacttte IS a dopostt 11ang1ng from the CLJIIng of a 
eave and 1n appearance much rescntbl1ng an Icicle Drops 
of water percolate through a ht.d of limestone evaporate 
and lenvc behtnd the .salt thcj bad dtssol\cd These drops 
u~ually tr1ckJe down the stde of a node on the cetltPg ''here 
the water d r 1 p p1ng through the roc h. p orcs C\ a pora. t cs more 
Intensively than elsewhere Grains of calCIUUt carbonate 
and of calt.Ite gradually accumulate ID thts "'ny If the 
quantity of percol ~t1ng v..atcr 1s large enough a part of 
the drops fall to the fJoor of the ca' e and also C'\ a porate 
The depos1t left by these drops gro\vs upv~ ards nnd IS called 
a stalagm1te Rc~pectl\ ely gro\\ 1ng from the cctiJng and 
the floor the sto.lactitcs and stalagmites frequently JOin 
to form a p1llar supporting the roof of the ca' e A karst 
cave can thus be filled and cemented The gro'' th and fill 
1ng up of a ~nrst cave Js a very long process 1 here are 
ca \ es com plet el) filled "'1th mineral rna ter1al 

Calctum carbonate \\htch forms tufa (tratertlne) IS fre .. 
qucn tl ~ prt c1 p1 ta ted "here '"ater sJ.turat rd '\\ 1th carbon 
d1oxlue brraks through to the surface I\ltnerals may be 
deposited ID fissures tn rocks \Vhcn tllat happens the fissures 
and votds bet~ecn gratns are filled w1tb material ntatter 
calcltl for e'tample \\bJcb cements the rock 

~\1ncrals may also be deposited when therl IS a drop tn 
the tempernture of the water \Vhtch d1~~ol" cd tltent Gas 
saturated '' atcr r1s1ng from n great depth wlterc the tem 
perature ts h1gh prcclpJlates some of the m1neral matter 
10 1 t \Vhcn tt reaches the cold upper Ia} ers Th 1s m1ner1l 
matter r~Ils and ceme;-nts the fissures and pores 1n rocks 

If the process by "htch Vw a ter dt posits ~a Its goes on 
for a long t1me all 'o1ds become filJ~d \\ ttb cement1ng 
m1neral matter In th1s wa} for (."tarn pie and turns Into 
'=andstone fi~~urcd rocks are \\clded and mtneraJ \ eJDS form In 
n~~urcs II) drotbcrmal depoSitS of ore (sliver lead copper 
gold 1ron Zinc lead and other metals) may form bccau~c 
the ~a Its d 1sc.ol \ cd an "a ter may JncJ ud c n1cta llJc ~ol ts 

Sll1ceous stnter (geyserlte) precJpllatcd b) \\ at(r satu 
rated '' 1tl1 stJ tc1c actd IS a '" ld(.s pre ad m•ncral dcpo~• te-d 
h} hot underground \\ aters Jn atld1lton to tufn ontl 111 

CCOUS lntrt Spring \\ atcrs prrcJ p1tate large quantlliC~ o[ 
bro\\n 1run ore (l1mon1tc) for v.h1ch tberc IS a btg demand 
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~1entlon must al~o he made of dendrites wh1ch are arho 
re~cenl depostls of flrr1c and manganese ox1des la1d on strat­
Ification and cleavage planes 

The" ater Clrculattng In tl1c Earth s crust thus transports 
vartous n1tneral compounds from one region to another 
thereby act1ng ns an agent for thl. m1gral1on of n11neral 
masses 

z 

Fag Au Sect1on of a kar1z 
J-hnpennaaLl e I a;ert .t -~ermeab le .and water bearlnt lJ ed B 3 --mou tb 

Practt(ar Importance of (]round \Vaters A stud-:, of 
grout\J ~ a.tets lS u[ 1n1 purtauce: buth \o theor-y and pta<.,tlcc 
From t1me tmmemor1al these waters have been used for 
dr1nk1ng and lor Irrtgatton Tl11s 1s borne out b) the dcPp 
(100 metres and over) anc1ent 'vells along the cara\ an routes 
1n Central A~1a and also by har1zes v-.h1ch are hor1zontal 
underground galler1es carry1ng ground Wdter by gravtty 
Dow (l1g b5) 

Ground-thermal tl1ermo mtneral and thermo aerated­
waters are of great balneologtcal 1mportance 'Vhere the) 
tontatn adequate quantities of mtncrals they can bL used 
a.s a raw tnatertal for the product1on of var1ou~ salts 

bNO\V AND ICE AS GEOLO(...lCAL AGE!\TS 

Snow and 1ce arc l1n~cd up w1th definltP cllmatiC cond1 
lions A ~now and tee cover can only form 1f there 1s abun 
dant prectp1tat1on and tl mo""t o[ It falls 10 the lorm of ~now 
To e x1st snow rer.t... u 1re.s .Sl1bz era tern "Qera.t u res and the:ce{o:te 
1t ean only accumulate 1n crustal areas w1tb a ncgat1ve 
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Avdlanchcs arc sucl1 ~ calamity that spcctal ob~t.r\ at1on 
posts b'lvE to be orgnttlsed, b~rr1ers construc\ed 10 the1r 
path or measures ta~cn to d(stroy them ThL,re 1s a special 
a' alanche foreca~ttng ~crv1ce 

To give an 1dea of ho'' [rcqucntly avalanches occur "e 
c1te S ~olesn1k s figurls for the Savoy Alps 

1903 o"~ r4S 1CJ07 o~ 638 
1 C}t l.... 0 l 517 1 JO'i 09 7 4.( 0 
t9J) OG G72 19lJJ IO 6--t~ 
1DOb 07 787 1911 12 530 

'ear after ) car n1ost avalaneht.s roll do,,n along regular 
channels 

Geolog•cnl Actlvtty of Ice 

Types of Ctlaclers Glnc1crs occur 1n polar r~g1ons ''here 
the :sno\\ 11 nc eo me~ dO\\ n to sea 1 o' cl or 1n l11 gh moun ta tn 
reg1ons remote from the poles fl1c area under glo.ttcr~ 1s 
not constant 'ar) 1 ng '' 1 th cl1 anges 1 n tho cl 1m ate At 
prc~cr1t ten p~r Lent of the Carth ~ land area ts under gla 
cxcr 0 5 per cent of tho glac1cr area ts tn btgh mountatns 
antl gg 5 per cent In the polar regions 

Glac1crs dtficr In Slzt.. and the pos1t1on occupted h) them 
depends on tl1o rcl1of tl1c elevatton nnd the prcc.tpttatton 
Tak1ng these factors 1nto account glac1ers are ~ld~~~ fied 
Into three prlfi(,lpal types 1) mountain (Alp1ne t) pe) 
2) h1ghland (Slandtna\ 1at1 l) pe) and 3) teo cap~ or contl­
nental glac1crb {Greenland tJ pe) 111e nr~t and second types 
occupy HB 5 per cent of tl1e total area under glac1ers 

?\luunla1n glal-llrs are rclat1'\ely small 'Ihl) llP on the 
~umm1t of mounla1ns (stellate glac1crs) occ. u py S\\ allo\\ 
holes on mounta1n slopes (corrle and ltacg1ng glal.uJr~) or 
mo._.. c uo\vn tho floor of 'aile} s ('alley glat.lc~) G 1 ac1ers 
of th1s type occur tn. the. Caula~u~ tlte TlC'n Shan the 
Panur.:. the Allal Mountams and tho Alp~ (F1g 68) 

ln tl1e Cauta~us mQdern glaLtallon occuplts an area of 
1 9u7 square. b.tlomctrcs 1 4bJ square kilometres of Lh1s 
arla ar(. on lhe nortl1trn slope Accordtng to data prov1ded 
bl S So lov) O\ ll1e Longest g 1 ac 1crs 1 n tho Caul a~us are 
the Dyl.h Su {15 28 h.1lometrcs} the h.atagum (14 94 ktlo 
mltres) the Bcz1ng1 (1.3 61 ktlomelrcs) \\hLeh l1e on the 
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nortl1crn slope and tho Lckz) r (13 G5 kllomctrt'.s), \\h1ch 
l1cs on lite soull1ern slope In lhc So, tct Unt on the longest 
glaciers ore tn CQntrnl As1n fcdclicnko GJnr1cr 1n the 
Pnm1rs (77 kilometres) nnd lnllcllek Gla<..Jcr 1n the T1cn 
Shan (80 kilometres) In Central As1a 11 000 c:gunrc k1Io 
metres nrc under glnc1crs 

• _... 
'I 

HJgl1Jand glac1crs form on mountaJn~ '' 1th flat summtts 
''h1tl1 arc tO\ crcd b) a soJ td -.:.heel of 1co There are many of 
tltcsc glac•ers 1n tl1c S undJrB\ tan !+.Iountatns There 1s o 
ccrl a ~n ~~ rn1 l nrJ ly bl't \\ cCln lll~~c and rnp g1aliCTh- on \ olran1e 
cones The lnllcr arf' obscr' cd on mounts Elbru~ (the Caul a 
sus) l\.J b man)nro (A!r•ca) and ]\.1) ucl1c\ slal a (l\amtbt tJ..a) 

Cont.1ncntal glal1crs ocl.ur 10 ll1e polar r(lgtotls ''here 
tl1cy oct u l,} 'n~l areas (1 n tl1e An1 nr' llt.. Grccn!.nnd Sp1 ts 
bergen o.nd otl1cr rrg1ons) Conltncnt nl J( e { ops bn \ c a 
~lAILicJ ~hapccl u rfnl c and oro some\\ l1at cJc, a ted Jn the 
ccnlrc These glaL1crs are \ C'ry lhl' k In Jts centre the 
Greenland Glaltlr •s at l<ast 3 COO metres th1ck Tl1c 1ce 
fans out from lhc centre nnd descends to the .sea a~ s~parate 
tllllk tongues The tee bnnks as 1t enters the sea and tomes 
to tho surface In tho form oi Icebergs 



Format zan ofGlaczers In many cases particularly In 
mountaln glaciers 1ce 1s transformed sno\V As a great 
mass of sno\\o accumulates 1t sol1dtfies under 1ts o'vn pressure 
Its surface- melts tn the sun durtng the day and freezes at 
n1ght (o\en 1n summer) These alternating processes turn 
the snow 1nto granular 1ce or nez.e 

Neve ltas a d1fferent structure than snow e1.ch gra1n 
represent 1 ng ',C\ cral accreted Clj stals of 1 cc These acl rcted 
crystals are small 1n the upper layers but become b1ggcr 
\vtlh depth reaching a stze of 100 cubic mtlltmeLres at a 
depth of five or SIX metres 

Neve 1 s a I so nourish£ d by moun ta 1 n hoarfrost or g 1 a zetl 
frost prcclpltatcd on the 'v1nd'' ard slopes of mountain 
pl.aks Thts hoarfrost forms tn the fallo'\ 1ng '' ay \\r l1en 
h urn 1d n 1 r comes 1n to contact '" 1th the frozen slopes 1 t forms 
a sol1d one or l\Vo metres lhtck crust '' h1cb Lrcaks a'' ay 
under 1ts 0''" ''eight and falls on the ne, e surface 

In some regton ~ ne' e fields ar~ nour1 shed by sno '' a va 
lanc11cs born h1gher up 1n the mounlatns 

Near the surf a~e neve frcq uent I y alternates '' 1 th 'lnow 
Lo,, cr d o\vn tlte sno\v d 1 sa ppears and neve alternates '\ 1 th 
lajers of soltd 1co 

Ne,e basins usually ha\ e a concave floor rc~embl1ng a 
flat bo,vl In them sno'v turns tnto ne' e as •L sol1d 1 fies 
nnu then Into glacial ICC ''h1rb 15 CSueDLJally dtffcrcnt from 
tho ICC that forms on the surface of \\alcr bas1ns The latter 
has n denstty o[ 0 917, glacial tee 0 909 and neve from 
0 2 to 0 4 

G 1 ac 1 ers f ornl through the acrum ula t 1 on of nc\ e 1 n the 
cou rso of many cent ur1e~ and p os4iJ 1 b ly m 1ll cnn 1 u ms 
Neve ''hose lo,vcr port 1 on has t urncd 1 n to gl ac1 a I 1 cc O\ cr­
fills the corr1c and be('ausc of 1ts plasllclt.y moves do\\nhlll 
GlaLlCrs descendmg along mounlalll 'allc:,s emerge tn 
lh1s \V1y 

A nc\e bas1n 1s thus tho al1mcntatton area of a glac1cr 
.Mass~s of sno\\ contmuously accumuJatc m 1t and grnt\ually 
turn 1nto glnc.tnlJco Tl1e bod} of a glacier ends 1n a tongue 
aL tl1c cxtt from tl1c , alley 

11 
Afo"Uem"'" nt of Glaczers Icc mo' ~s hkc a plnc:.t1c suhc.,tanco 
lC rate o[ movement o[ a glac1cr 1s 1n goncral not h1gh 

from sc\cral tens o[ n...Jllimctrcs to several tens o[ ccntsme-
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trcs a dn) rare!) rcach1ng 
1 1 5 mctrc:s n dn} Con 
t1ncntal glac1crs lra' cl at 
a rato of up lo 20 40 me 
trcs a da} Tl11s rate of 
mo,cmcnL depends on the 
sJzc of tl1c tee mass and tho 
grad 1 en t of tl1c floor of 
tl1o \aile} along '' h1ch the 
glacier rna' c~ Tl1c rate of 
rna\ cment o£ a glaCier can 

F1g G9 Cross scr lion of glactal be d ctcrm 1 ned h} \ a r1 ous 
\nUc)s mctltods Tl1c simplest 1s 

1-ex 1.r, ted v, J lev ( n---sbouJ t1er1 .t-val t 0 place so' era 1 1 a rge col 
ley , frf'r :~ r;tl'tc e h .s r o er1 thro uth it 
tw1ce (m~el r tert terrace} 3-\ alley ourcd stones ac.ross lite 

into -nh Ch a rl\ er h S ("Ut ItS \\:J} glaCIQI SlrCQffi and tO Ob 
~cr' c h o\V tl1cy mo\ o do'' nh Ill t ogctltcr \\ J tlt t h c g J act cr 
It has been est lhl1shcd that the centre of a glactcr mo\ cs 
at a htgl1cr rate than Its margtns 

As n glae1er mo'\ l'-S do'\ n a 'all~) 1\, loses part of 1ts 1ce 

tl1rouglt mel Ling and c' nporat1on Tl1e Jo,,cr It descends 
tho more 1co 1s c'po-ndeJ and a po1nt ca.n be rcacl1cd \1J1cre 
the amount of 1ce mcltJng equals the suppl" from abo' e 
A glaLtcr cannot ad' a nee bo). and sucl1 a po1nt but masse::, 
of teo '' J II continue to rna' c 

Glactal Actlvzty * A glacier performs geological func 
tiODS ns It IDO\ CS d 0\\ n a 'a (}C} It abrades the floor of t}Ie 
val fc~ bj 1ts O\\ n \\ ctgl1t tltgs kettle l1olcs '\ 1Lh tl1c bould crs 
1mpr~soncd In 1ts bottom ~mooths out slc~p contour~ nnd 
g•' cs tl1c 'alley througl1 '' h 1 ch It mo\ c~ the shnpe of a 
trough ( F1gs (jg 70) 'll1c more rock '' a~le a glacier carries 
and tho fa ter lS 1ts rate of mo\ cmcnt the J1].orc Jntcns•' c 
tts abras1 \ (., act1 \ tt~ Gran1 tc'3 and otl1cr lulrd rocks are 
pol1~hed and all protuberances on tl1cm are ~mootl1~d out 
On lite otl1cr hand loo~cr ro< ks arc plougl1cd b} glac1crs 
ltcnrc the term gracJal plough1ng or C'.araLton 

Tho mnlcrtal tiJat brenks a\\ay nftcr 1t Js ploug11ctl up 
h} a glac1cr or that ltas fallen from mountain ~lopes IS trans 

• The ph) ~leal nnd gcorrr1ph 1c1l study of glnc1crs IS the subJect of a 
spcc1al SCilnce cnll~d glaclolog) 
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} 1 g 70 Descend 1ng tongues (med tal mora inPs can ba seen 
on the large gL1c1er) 

ported by the glac 1er and de post ted c1ther along tts entire 
route or ot tts tflrminus 

The rock debr1s carrted and deposited by glac1ers 1s 
calle I moralne There arc different types of moratne lolt,tr 
locale l 1n the lo\\er part of a glac1er lateral !orated along 
the edges of n glac1or and internal 'vhich IS carrLed 1n the 
bod-y of the g,lac1er All these arc mov1ng, t-yQCS The debris 
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deposited by a glac1al tongue \'where Jt molts after }Ja\ 1ng 
been ~tnt1onar} for some ttmc 1s called term1nal mora1no 
and tl1c dchr1s scattered 1n the tee near the glac•cr floor zs 
called ground mora1ne (Ftg 71) 

Se' era I glacJal tongues frequent); merge tn the upper 
reaches of mount a 1 n \all c) s \\hen th J s hap pens the largest 
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F•g 71 Top '1c\v ( J) and sect1on (I I) of a gla.c1cr 
1-groun d moraine ~I ter t mor1j ne J~medJ al JnorJine 

4-tcrrl Ina l moraine 

becomes tho pr1nc1pnl tonbuc In some rJscs t1Io pr1nc1pal 
glar 1e1 1s -so b1g and so cJ ccply t.rut Into tl10 'a f ley that 
the l.otcral glacier., su p-er1mpose thcmscJ-.. cs on 1t \VhLn 
confluent glncJcrs ore appro'\Jmatcly of the same s1zo 
thrl mC'rgc along thctr stdes Tl1c edges of cacll glnr1cr carr) 
latcrnl mora1ne '' h1cb \\hen the t'' o glaciers merge l•ke 
'' •~c unJtc to form mcdJol mora1no 

\\ c ran tel I bo\v man} glncJcrs ba\c united h} the num 
her or mcd 1n! moratnC's plus one Thus 1f there nrc thrr-o 
parallel me,l•al morn1ncs on tho surface of a glaLICr 1t 
~ho\\S tf1nl four glnc!al streams ln I merged 

Tcrm•naJ moraine rclca~cs 1ts dr1Cl Jon I ''l11rh forrnq 
longitudinal nnd trans\ rr-al rulgcs At the- po~nt nl1~rc tho 
glnrtrr melts tbc 5urfacc Internal and lo,,cr mora•nts 
form trnns\ c~al r1dgcs and tbc mcd •a I and lateral morn•nc.s 
JongJ t uti 1 nal r1clges A ru p J •kc '!~pression often occu p1c(l 
b) a Ia ke forms bet'" ccn the r 1 d gc of term 1 na I m ora• no and 
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the t1p of the gla~1al tongue tn tho por1od 'vh~n tho glacier 
retreats 'Vbcn n glac.tor advances 1t shtfts the tcrm1naJ 
mora1no farther do\vn tho "alley, or. 1f the mora1no r1dge 
IS \ery L1g moves over It 

E xtcrna lly. mora1 ne IS an unsorted m 1 xt urc of v ar1 ous 
mater•als cla) santl rock llebr1s pebbles and somcttmos 
\\hole rocl fragments (moratne loam and elay) 

hlany of the valleys througl1 \Vhtch glactcrs mo' e are 
tortuous an(l the floors may be flat or sleep In 1ts at.lvance 
a glacter nl\\a}S hugs tltc convc't stLle of tho valle), \Vlth 

the rc\ult thaL tl1at 1s \\here the most Intcnsi\e plougl1Ing 
takes place If thero are rock obstacles on the floor of a 

'a ll~y tlte 1co hera usc 1t ts br1ttlc btcaJ...s Into slabs 
''lite l1 form ere' a-:;ses runn1ng across Ll1e 'allcv DependIng 
on the steepness of the grad1ent and the tl11Clness of tl1e 
1ce those Lre\ 8';ses rna) bo 'cry '' lue and deep Sucl1 sec­
t tons aro absolutely 1mpassablo (F1g 72) \\7h(.n a glacaor 
rear l1 cs n n orca \\ 1Ll1 a gcnllcr gratlt Pn t the ere\ asses close 
and tho surface becomes smoolh agatn 
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FlutJtOf!laczat Deposits l\lclt1ng 1cc g1' es r1so to streams 
\\b1ch form a \\hole Sl stem of currents and Jets beneath 
the body of the glac1er 

A cave or grotto somctrmcs a 'cry b1g one forms at the 
tcrm1nus of a glac1cr ''hero these streams ISsue \\''11cn 
tl1erc lS l1ttlc \\otcr tn these streams 1t 1s po~~1blc to \\all 
qu1tc far up the "alley under the ICC But po\\ crful streams 
frcq uent I) flo'' from under the ICC partJcularly 1n tl1c 
latter l1nlf of tlte summer As tlte t{\mpcraturc of the a1r 
drops tl1c mell1ng process slackens lhc strlams become 
sl1allo\v and then tftsappcar completcl} as \\Inter ap 
proachcs 

Glat•al r•lls or flu' •oglartal streams as tl1ey arc called 
erode tho moraines ancl at tl1o same t1mc sort out the 
mora1naJ matertal Dur1ng tltc \\arm pcrJotl of the }Car 
these slreams rcac h the hc1ghL of lbcJr pO\\ cr Ll1eJr crod 1 ng 
OLtl v1ty proceeds very Inlensl\ oly and the} carry quttc 
large debris In the lo'' cr rearhcs ''It ere the 'aile} s grad 
1cut decreases the glac1al r1lls slo'' do'' n thc1r forco decrca"es 
and tl1cy b(gin to dcpos t the coarse grained mator1al 
they had raptured \\lJtlc eroding the mora1nc and tl1c fine 
gra1ned matcrtal ts carrted farther Glac..1al streams form 
''hat arc en lied aqucoglac 1al or flu" 1oglac1 al clcpost ts 
The mntcrJal of \\lt1Ll1 these depos~ls con~L~t IS sorted nnd 
strnl1 £iccl Qu1 tc often flu" •og!allll I t! cpost ts arc located 
bel\\ ccn t\' o mora1ncs of tlte pre' 1ous and subsequent 
glac1 at 1on 

} lu\ toglac1al deposits may constst of gr1' cl sand 
loam and clay Tho largo areas const~ltng of beds of snnd 
nnd cln} dcposttcd b} streams In front of a glacier arc 
called oulu a~h plalns 

In clo¢cd ba~1n~ (glacial lakes) the melt '' atcr from gla 
c1crs I [Ia' es d cposL ts {.OflSibllng of th1n allcrnnlt ng strata 
of "\and and r In) Tit IS te\.turc 1s d uc to lhc sca~ona I nc.cu 
mulnt1on of the c sed1mcnt~ the and strata arc tfcpo Ltcd 
1 n ~pr1 ng and summer anti the cia) strata tn \\ 1nltr \\hen 
the '' atcr lc\ C'l 1s IO\\ These tJ cpos1t~ nrc <.a lieu z.arted 
clays nntl arc 0 a J centimetres tltlLk 

(;lac!al topograph} forms 8~ a re!)ult or tllc meltJng and 
ret ~Tat or gloLI~~ Tltc mo t t} p1cal arc elhers Tbc) arc 
long narro\\ r1Jgcs arranged one hcl11nd the olhcr or broad 

186 



flat clc' at1ons Along tl1e1r Sirles they usual!~ have peat 
fii\ed d1ttl1es Tl~c eskers thcm~e\\es cons\st of gra,Ql and 
~and I) 1ng In d1',t1nct diagonal bells \\h1ch 1s proof that 
they ''ere d(posllcd by runn1ng ''ater 

1 bcre nrc numlrous cqh.ers 1n ~ 1nland and ';,vedcn ''here 
t)Jej aro d1sposcd 1n r1dgcs runn1ng parallel to the glac1al 
grooves Lateral eskers frequently merge ''Illt the ma1n 
esker to form a Sj ~tern rcscmul1ng that of a r1' cr '' 1th tr•b­
\ltat\es 'Lskcrs are 4.5 50 mt!trcs h1gh The cre-sts of some. 
are so n a rro\v that tlierc 1 s hard I v room for a footpath 

Att'Vllnr e and Retreat of Gtaciers A study of mountatn 
glar...1crs has revealed that thtlr marg1n:, ,_re unst 'lblc They 
ad\ a nee and rctrc at 1n conform1ty \VILh tl1e per1odtc cl1anges 
1n tho cl1matc If the cl•matc gro,\s \\armlr 1Ce \\astage 
may c~cPcd the supply and the glacier bEgtns to grO\V shor­
ter 1 e to relTcat !he rcvtlrsc i1n.ppons 1n a. ''et and co\d 
pertod Ob~er,at1ons conducted d urtng a relaL1vcly sl1ort 
per~ otl l1o'' cd that tl11 s rctrc at n nd ad' a nee 1 s 1 ncons1 d er 
able but tn the course of decades tl11s movement covers a 
dtstance of l1undrcds and c\en thousands of metres 

Changes In tliC ICC mtl.SS or a ne' e basin resulting from 
changes 1n the quanltty of prcr1p1tatlon affect Lhe cnt1re 
lCe ~1-eld Tlte c.ltm at 1 c cond \ t1 ons 1 n the reg1 on ""l1~re lhc 
glac1er descends l1ke\v1se play an Important role because 
1n man~ cases tl1e glacial tongue Is several thousand mt.tres 
belo'\ the nLve field Therefore g1ven stable cond Lttons In 
tl1e ne\ e basin the glac1cr 'v1ll retreat 1I 1ce melts 1ntcn 
Sl\ c ll 1n tl1e lo\\ er rearhes of the "alley 

~loreo' cr changes 1n ll1e ICe mas5 depend on tho form and 
stz.o of tl1e al,mcnlat\.on ar~a fl1e posll\on of lhe g\ac,a\ 
tongue In rclatton to solar healing 1s Important A tongue 
sJtuatcd tn a shady area 1s moro stable than a tongue o~ .... 
posed to sunl1ght A mantle of rocb. material also protocts 
a glar 1 er from C"t:Cesst \ o melt 1 ng and e" aporat1on 

Prehistoric Glactallon A study of the htstor) of the 
E a rll1 ~ cru sL si10'' s th n t there ll a' e been epoch~ ''hen 
gl~tLiatlon ernbraceu cnorruaus areas Such glac•at1on oc 
cured In ll1o Proterozoic era tho Carbontforous and Pcrm1an 
per1ods nntl lastl~ tl1e Quaternary pcr1od In tlt~ latter 
per• ou n so l1 J sl1cct of 1 co co\ cred tl1c '' l1o te n{ N a~:lhe.tn 
and Eastern Europe tn 1\losco'v Regton 1t ''as more lhan 



a k1lomctro th1ck and 1ts soutl1crn boundnry passed south 
of 1\.lOV 

Scnnd 1nn\ Ja In '' l1osc mounln 1 ns glnc ICN c~ 1~t to ti11S 
da} \\OS the ccnlrc or the Qunlcrnnr) glocJatlon Ill Northern 
Europe It ltas been colcul1letl that n 5 C drop 1n the m~nn 
annual tcnlpcrnturo \\OUld be su[lic1cnt to cnusc thcqc 

-- ........ WI &I ••• -......-_ .............. FL ......... .....,_......_, 
- __ ,_,..,..,., 

I 

F1g 73 Donldcr )(!ft stranded by o gl nc1er 

glaciers to gro'' and occupy the ''l1ole of Northern and 
Central Europe Tl1c Quaternar} glacJat •on ltns lcfL d 1st1 net 
traces 1n a \ast. area 1n Europt.. A \\ell defined mora•nal 
topogrnpl1y cons1~t1ng of ruJges of tcrm•nal mora1ncs 
strtatcd boulders (crrat1cs) sheep hark rocks, eskers and 
lakes can he Sl'Cll ID tho h.ola Peninsula and r.ntand 
Tl1c<;e arc clear 1nd 1rat1ons of recent glacJntion Farther 
south around Lcntngrad 1\aiinln Vologua and Pskov 
glacJallon has left traces •n the form of rounrlcu str1ntcd 
boulders some of ''hJrl1 '' c1gh more tl1an a ton (F•g 73) 
Quaterna11 mora1ne cl~pos1ts 1n the I:urop~an part of tho 
US S R anti 1n the adJoining countrtcs shO\\ lto'v far 
sout b tl1c continental 1co ba l mo' cd 

The altcrnal•on of glacJnl and tntcrglactal per1ods \\as 
due to cl1mat•c changes caused b} devtat•ons 1n Insolation 
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as a result of tho rcg1mo of solar l1eat rad1at1on a sh1ft 10 

tht angle of tho Earth s axis and otlter factors 
Some sctenttsts are tncl1ncd to l1nk cl1mattc chnngcs 

and tl1c r1sc of glac1atton 'v1th tl1e procE..sses taktng plare 1n 
tho Earth Itself Arrhcn1u'l, for 1n~tancc constJorcd that 
cltmat1c changes ma} depend on fluctuations of the quant 
ll~ o[ carbon d10X.1de 1n llle atmosphere He bcl1e\ cd that 
1f tht quantity of carbon dio"<H.Ic '' cro l1al' cd lhc Earth s 
temperature \\OUld fall b) an average of 4 5 (f '\'Ilh the 
result lhat gtvcn \ufflc1oDt prcclpttatlon the \\hole of 
Europo \vould be covered by a th1tk sheet of 1ce 

~toraover 1.t 1s cons1dercd that \oltan1c erupltons pla; 
a very Important role tn the r1~e of gla~tcrs If the guant1ty 
of voll an1c ash eJected tnlo Lhe atr dur1ng tntPDSl\ c 'oltantc 
act1v1ty 1s large ~nough 1L ma) Influence solar rad1at1on and 
causo the ~ arth to Lool 

Tha Russ\an g~cgtapher Brounov ad,anced the op1n1on 
tl1at glaciaLton requtrcs not onll a lo'v temperature but also 
a chanbe tn the humidity regime of the a1r In Eastern 
S t bert a \v bare the cold pole passe~ 1 n the "'1 c 1n1 tv of Ver 
khol ansk colder temp( raturcs arc rcg1stcred than tn Green 
land Bu\; Greenland recer\f~S a larger quan\.1.ty oi prcc'p 
1lat1on and therefore has tl1e neccssarv conditions tor 
the attumulatlon of 1cc masses In Verkhovansh. on the 
othor hand there 1s very lttt.le preltpttatlon and. no perma­
nent sno'v co' er C\ er forms 

Epe1rogen1.~ up\\fts ta 1 C drop 1n temporatut~ per a.p 
proxamalely 200 metres of elcvat1on) are anotl1cr fattor 
Stimulating glactal1on Sea curr(\cnt~ also Influence tho 
cl1 ma tc f or el. nm p le bel a use of the Gulf Stream the 
port of 1\lurmansk IS ttc [rce all )Cnr rottnd \\lltlo the 
port of Lcn1ngratl \\h1.ch 1s G~O ll~nm~lres tartll.er south 
1s 1cc bound for five months every ) ear 

'Vo can thus see that glatlat1on depends not on one but 
on numerous [actors 

GEOLO(.lC \L Act1Vl1l OF TliE SEA 

Tho geolog1cal n t1v1ty of the sea follo,,s the same pattern 
as th1.t of rt' ers lte and tl1e '' rnd eros1on trnn~partalJon 
g1:~nd\.ng f.Ri\:\.\'0% ~n.d \.\~poo\\.~\.\on. fb.'Cze are bnlit.~ c-r a 
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number of features 1n the sea s act1' •t) that mat..c tt cspc 
ctallj 1mporLant to l1fo on I:nrllt 

\\ h1lc tho \\ 1nd surface \\alers and tee transport the 
m a lc r1 a I crod ed b J. tl1cm dOl\ n to sea I C\ c l ll1c sea ltltl cs 
Lh1s materJnl hcncallt 1ts \\Dlcrs Its action IS d 1rcl tcc..l at 
'' eartng all conllncnLs and Islands do\\ n to 1ts O\\ n lc\ cl 

2M2JDm 
- - ..... - ~ ...... ._. .-r .._. ._. ........... .-. ........... 

tOOO Z.SOOm -- .... ._.. ......... ~.-.-----.-.-.. 

F1g 7 q 0 1agra.m of the 'crt JeD. I zones of "l s~a floor 

hen co t!1e n arne a bra ston Th1 s abras•' e ar t1' 1 t} 1s obscr\ ed 
along tho ~horo l1no of all conttncnt.s and Is1ands '\hose 
total length IS about 200 000 J...IIomctn.s Ahraston b) tl1e 
st'a 1s clearly defined In many large land areas A cla~stc.al 
C'\amplc 1s HclJgolantl an lsland 1n the North Sea ''ltose 
area \\as reduced from 920 to 1 5 squnro kilometres 1n 
000 l cars 

Org.an1c rocks of \\ h1cl1 there Are rclat1\ cl) little 1n can 
t1ncntal dcpo~tls pia} an tmportant role among mnr1ne 
cd1mcnts The accumulaLJon of mnr1nc ~cdtmcnts folJo,,s 

a c llnrl~ d cfincu zonal pattern '\ h1ll1 d cpcnds on the 
bottom rclu:~r the ~hare l•nt- and otlter factors 

The sen floor descends not grat.luv.lly but tn steps (F1g 
i4) The n~t step IS called the shelf or shallo\" \\aler and 
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stretches to a depth of 200 mPtrls In some places tt IS 
400 GOO l1lometres \\Ide and embraces 8 4 per cent of the 
surface of seas and oceans Part of tl1c foreshore ltes bct,\cen 
h1gh and lo\V t1d e le' els and JS c a lletl the l £ t lora l Be} ond 
thP bordtr of the ltttoral 1s the pelag1c zone 

The shelf g1vcs v.,ay to the deep '' ater or bath) al zone 
''h1ch IS from 200 to 2 500 metres deep The scdtments of 
the upper or ~ha.llo,\er sections of the bathyal zone ran 
be scl 1 n root 1on only by he a\ y seas or by deep sea currc nts 

TcrrJgt.nous depostts (deposlts derived from tho land) 
do noL rlach the abyssal zone \\btch e"'(tends bclo'v a depth 
of 2 500 J 000 metres Only volcantc ash and cosm1c dust 
are tarried to th1s zone 

Destrurttve Acttv1ty of the Sea Thts art1v1ty stems 
from Lho \\ ork of '' 1nd ''a vcs lttlcs and currents 

l~ tnd uates erotic ~l1orcs bj Lhe1r O\\ n pressure de' eloped 
by the surf \\lltch brcals aga1nst beaches and also by the 
battc.r1ng act ton of rock '" a~tc 'vh1tl1 thcl- cartJ tn ~u~pen 
ston 

Tl11s rock '' aste 1 ntons1 f l cs the act 1 on of ''a' cs bee a use 
the ~tones of \ ary 1 ng s1 zt the ~and and other rna ter ta 1 
h urlcll against clt ITs by ''a\ es act a~ p O\\ erfu l corra s1on 
agents 

Tho mo'St energetic gcolog•cal actiVIty b} the sea 1c; 
ob~crvcd 1n t1Ie coa"tal zone 

The force of tl1c surf IS very constdcrablc and tl1e pressure 
dc"elopeu by \\atcr aga1nst the &horo exccctls l\\o or three 
ltlograms per square tlnttmctrc along a rocky and prcctp 
ltous coa~t 1t tltc \\alcr~ •n tho ltttoral zono arc deep 
Br~ahcrs ll1at tltro\v masses of '' atcr and rock tlobr1s to 
grlal betghts are pos~:nblc 1n ~ucl1 an area Tl1crc ha \ c been 
cnscs of breaker llurlcd pebbles brtak1ng the glass of ltght 
l1ousc scnn.llllgltts at a l1e1gllt of moro than 20 metres 
nba, c sea lc\ cl If tb( rL IS an tn shore ~l1oal (1Jcacl1) tl1e 
brcakc~ lose mucl1 o[ thc1r ~lrlL.tng force tllrouglJ fri<..LIOll 
nga Ln~t ll1t. sea floor Tl1c force of '\a' cs tlct.rta~cs also 
'' tll1 ll.:plll Tllltr effect I vo acLl" Jt) tlicrcforc 1s con fn1ctl 
to a 11.lal.1 \ely Sli1all deptl1 In ll1c open sea r1pplc~ can be 
seen on '' allr up to 200 metre~ deep 

\\ n' cs d C\ c 1 op th ca· grca test ( o rcc " here th C) pound a 
proc1pztous eoa~t Ncar tl1c coastal c1ty of Gagra 1n the 
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along coastl1ncs exposed 
to t1des ~hlle v.here \v1nd 
\\a\es alone nrc actt\O there 
nrc onl) one notch ond 
one terrace 

The '' ork done by t1dal 
\\ aters ts particulari)' no 
ticcable 1n narrow straits. 
bays and mouths of r1vcrs 

F1g 77 A wa' e-cut terrace the) car\ o out canyons on 
the floor of stra1ts and 
ha}s '\hJlo 1n the mouths 

of rtvers tltcy htndcr the format1on of delta Islands that 
turn these mouths Into estuarieS 

Sea currents arc l•lc,v1se velJ tlestructl'\C For e"'tample 
the Gulf Stream ''lltch 1s se\ era I ltundred metres deep and 
275 ktlomctrcs w1do along tJ1c shores of Scandtna' 1a 
'' ashes a'\ a} all tl1o fine terri gcnous sedIments from tltc 
Ooor of the shallo'v \\ater and from tho upper parts o[ tho 
conttnentnl slope and transports them O\ cr a distance of 
thousanus of k1lomctrcs 

\\ • nd '' a\ cs transport bottom sed •men ts a long tl1 c nor 
mal to tl1c shore and nlso along tile shore Scd1ments trans­
ported along tho normnl to the shoro are thro'\ n on the sl•ore 
''hen one om• ng '' a' cs pred omtna to o\ er ebb ''a' es \Vhcn 
there 1s an cqu11Ihr1um bet\\ccn these '' ,_, cs the samo 
quantil) of matcr1al IS transported shore\\anls as ts carrtcd 
~\\ay Into tito sea nnd "\\hen ebb ,,a,cs prc~omtnato over 
oncom1ng \\ll' cs sediments arc transported ~ea,,an.I If 
t be bre"lkl ng '' a' cs are obIt que 1 n relat ton to the shore 
l•nc scd1mcnts arc tran~portd along tho shore (F1g 80) 

Coarse mntcrtal IS ~ortcd at the ~amc t1mo tl1at It ts trans 
ported bl '' a' es Tl1c c oarscst rna tcr1al 1s left ncar tho 
~hare smaller matertal carrtctl farther a\\ll) and lastly 
ti.Jc fine t pn.rliCics or eta} transported the farthest BenlliOD 
1c mater1nl 1) tng at depths of more tbnn c1ght or ten 
n1ctres can onll bo mo\ed b} VIolent storms 

Shores nrc protected nga1nst tho crost\O act1\1ty of the 
E-<"4 \\ 1th cmLanlments consL.t1ng of concrete slabs and also 
"ttb oiT horo concreto barS aga1nst "h1cl1 "a\ cs break 
\\ tll1out ~ac:h1ng tho horc 
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F g 78 Elephant Trunk Roc1. Lal<e Baikal 
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Useful Actlf'lt.JJ oft he 
Sea ~ot olllhcneli\Jt} of 
t l1c ~l'JJ is dr .. t rue t i'" ~ ro<l 
~l mnt<'rJnl IS l1rposltC(l 
nlong tho co:1~t nn~l nl~o 
o\ cr tl•c cnt1 re •lln1lo\\ 
'\nlcr nre1 

Ftg HO Diogrnm of tbc moH'nu'nl of Tho ID \\Osh o( ron.~c 
pebble's nlonh n ~rn shore Tbc motcrJnl on gr-nll) slop1 ng 
arro'' sho"' s t lu~ "'1nd d 1 rl'c.t I on ~11 orr, freq ur nt I} lrn (Is to 

I l-tr:.n,vrrs3l 11l.a.Te trrsl l J I I -lho~ tl1~ formnlaOn Of ojj short 
Hne I r J 4 ,5 1'-path or r-rLlJ1fl bars (f lg' St) TliC mn 

t~r•al cnrr1cd b} '' 8\ rs to tl1c"o ~bon q t"l not '' n hc(l 
a\\ ay Thtso "Cd 1mcnt q gro\\ to lorna n IJor tiJ- t 2 m~t reg '" uiQ 
Somct tmC'ii ~C\ rrnl lln~ nrc forml'c.l pnrn llr-1 to ~nrll otl1cr 
tb.e tat\ !1ctm~t I tom t \1~ ~a bel ng b\l\ l t d u r1 ng ' 'o \~t\t 
~torms nnd tl1c n~nn-sl hl \\rnk '' O\~~ 

Setltmcnts nrc tlcposstetl on tb~ rn floor as \\~II TllCtSC 
are clns~t[icd as llttorn I 
shalltt'\ '\ ntcr and abys 
sal St!dtmcnts 

In tl1c l1ttornl zone 
the ~cdtmcnts arc con 
t1nuously htt!fcted b) 
\\a\cs '\l11Ch roll nnd sort tl1cm In tl1c Jmmf'd.Jnto 
'lCinit.y of tl1e shore the dcbr1s IS poorl} rolled nnd con~c 
and oft en cons1sts of rock 1 um ps nntl '' astc Fa rtltr r n ''a' 
from the shore tht sea d cp os1 ts pc bb lcs tltcn grn' c I n nd ~n nd 
'' h1ch becomes finer '' 1tl1 d lSlancc from tl1c ... .l1orc ( F1g 82) 
In the ltttoral zone tl•c \\astc l•es 1n Incltncd beds Small 

Sea leuel 

F1g 82 DistribUtion of terrlgenous 
scd1ments 1n tbc <;ea 

1-- pebbt es !-gravel and I arg~ '-traa11ed tand 
.3-medhun gtauted sand •-tine sand 6-

-cla:yey &and &-clay 
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part1cles '\ tllt n clJam 
ctcr of less than 
0 1 m1lllmotrc aro 
not dcpos1tcd ncar the 
shore but arc carrtcd 
1n suspension nnd pre 
c1p1tated on the SPa 

floor at tlcptlJq from 
20 to 200 metres 
1 e tn tlto shC'lf 
7.0U'O 



Shelf depostts consist of sand clay and sometimes ooze 
There 1s alv.ays organir material tn the~c depos1ts !\Iarine 
veget at 1on gro\\ s abund dD tly 1 n the shelf 7onc, and this makes 
for a f1.\ ourable environment for marino lifo Tho sed1ments 
1n this zone are usually clearly strat1fic.d oblique or 
1rregular stratification 1s hardl} ever obser\ed The ex 
Cflpt1ons are tho slopes of coral reefs ''b1ch d1p stcepl} 
1nto the sea '' tth the result that sedimentation prorePds 
Irregularly Traces of r1pples \Vb1ch may bt. described 
as negative prints of "a"'cs can be seen 1n the shallowest 
reg1ons of the l1ttoral zone These prints are '\ar1ously 
~bapM. but 1n contrast to s1m\lar w1nd and rtver: fo!ma 
ttons they are al'\\ays S}miiletrical 

On the shelf a broad str1p of sediments stretches along 
continent~ and Islands The Width of thiS str1p averages 
250 kilometres, and '\here rt'\ ers c.ariJ 1ng large quanttttes 
of waste empt} 1nto the sea 1t broadens out to 600 kilo­
metres 'Vhere the shelf I'l narro'v terrigenous mud 1s also 
depo~ttcd on the cont1nental shelf, provided tt IS not carr1ed 
8.\\ay by currents The belt of shelf deposits ends abruptly 
\\here there are strong currents 

Organic and chemical sediments arc depostted 1n the 
shelf zone 1n add1t1on to sedtments of purel) cont1nental 
(terr1genous) or1gtn 

The sed1ments dep-os1ted be,ond the shlllo~ V'later zone 
tn the bathyal and part1cularly, the ab~ ssal reg1 on are 
ch1efly of organic or1g1n the mineral admixture tn theso 
sed1ments 1s 1DSign1ficant The material for organtc scdl­
ments 1s supplted by the btg and 'arted populat1on of 
the sea 

On thP sea floor there are d1\er~e algd.c sPa llltes sponges 
bryozoans C' orals ( tn ''arm 'va ters) moll usls ech•notds 
and so forth 

Reef hu1lding coral colontes play an Important role tn 
the format1on of organ1c scdtments Coral and algae thrt'C 
In shallow {not mote than 20 45 metres) and 'varm sea 
''atcr of normal salinity Coral :reefs form r1ghL along the 
coast of conttntnts and tslands and also at cons1derable 
distancls a\vay from them 1n the region of the shallow sea 

These reefs cease to gro'v dur1ng secular upltfts and 
when the sea floor gradua.lly s1nks only tho lo'\\er part of tbe 
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reefs d1cs off \Va' cs erode the dead portton~ of the reefs 
turntng them Into calcareous sand and finer calcaroous 
Silt 

Some algae consumo l1me from sea '"atcr and deposit 1t 
1n thc1r stalls Beds of l1mestono ma) form from the rc 
matns of such stalks Shell ltmestono \\htch IS 'vidc.sprcad 
1n ancient deposits forms from the remarns of mollusk 
shells ln abyssal regions plankton remains turn Into 
organic ooze 

Sediments of chcmtcal or hJochcmtcal or1g1n accumulntc 
1n some areas These Include calcareous and slliccou~ 
sediments r1srng from tlto rcdcpositation of limo and Silica 
from the skeletal remains of organisms Chcmtcal scdimcntb 
plaj a small ro1e 1n the open ocean They accumulate 
matnl) 1n coastal l\aters separated from the ocean bj barrier 
beaches (marshy lakes at the moutJ1 of r1' crs lagoons, 
bays and c;o on) through an 1ncreaso 1n the saiL concentration 
This phenomenon IS obscr,cd tn nreas '"Ith an arJd cltmnte, 
the h.ara Bognz Gol on the cast coa~t of the Caspian~ for 
example 

1\la tcr1 a 1 eJected Ly ' olcanocs ( eJ cct amenta) pial's som c 
role 1n the ttccumulation of roar1ne sed1mants particularly 
1n ab)s~al reg1ons ''here hardl) anl terrigenous particles 
occur La~tl} there arc cosmic dust and meteorites that 
fall 1nto oceans 

Bel ond the belt of shelf scd•mcnts l1cs the zono of bath)al 
~cd1mcnts represented h~ fine tcrr1gonous matertal blue 
red and green mud 

B 1 ue mud occurs o' cr In rgc areas of tho ocean floor 
part1cularl} in the AtlantJc Somettmes tt occurs 10 the 
shelf region as \\ell In the Da} of Naples for c~amplc 1t 
IS found at a depth of 15 metres Th1s mud \\as brought to 
tl1o surface from a ma'ttmum depth of 5 120 metres 0\vJng 
to an ndm11:turc of fcrr1c o:x1de the topmost lal crs usual I} 
hn, c a rctl or bra'' n t1nt but tho rest of 1t Is blue 1' 1ncty 

C\ en per cent of th•s mud const~ts of particles of clal The 
carbonate content 1n It somct•mc.s Increases at tho c~pcnse 
of the cia} partteles TI1c quantJt) of quartz gratns 1s '\CIJ 
~mall Tal..cn out of the ''atcr blue mud smells of b) c.lrogen 
t=ulph1de form~d through tho dccompos1tlon of org,nlc 
matter TI1c h)drogen .sulpbtdo and Jron Jn the mud g1vc 
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rise to ferrous suiphtde '"h1ch IS sometimes prcctpitated 
in tho form of pyr1tc crystals or gra1ns 

Red mud occupies an area equal to one per cent of the 
area under blue mud It occurs opposite the mouth of the 
Amazon 1n the Atlantt( and opposite the moutl1 of tho 
Yangtze 1 n the Pac1 fie Its d evclopment IS due, evidently, 
to the laterttic so1l \\asbed a\,ay by these riVers It gets 
1ts red hue from the ftrr1c oxtdo 10 It Its composition 
'\anes greatly but normally tt contains a some\\hat smaller 
quantity of cla~ part1clc5 (up to 70 per cent) than blue mud 
and there have been cases where as much as 60 per cent 
of 1t has been found to eons1st of caTbonate~ It al,,ays 
contains a small quant1ty of quartz L1ke blue mud 1t 
contains the remains of marine organisms 

Green mud or sand occurs 1n the htgl1cst sections of the 
bathyal zone at a depth of 180 2 300 metres It O\\es Its 
green colour to glaucontte \vh1ch forms \\Ith the part1c1 
pat1on of organic substances released by the d~composition 
of organisms Green mud conta1ns a constderabl~ smaller 
quant1ty of clay part1cles tl1an etther red or blue mud­
usually not more than 48 per cent On the other hand the 
content of ltme 1s rather large sometimes more than 
50 60 per cent Glauconite sediments ba\e formed 1n all 
periods of the Earth s l1fe hut they occur moc;t frequently 
1n Cretaceous and post Cretaceous depos1ts 

Vo lean tc sand and mud are found around " olr a ntc 1slands 
and coastal regions '' 1th "olcan1C act1' Itl f...laterJal eJected 
by 'olcanoes mixes Wlth bottom sediments and conse­
quently 1s regarded as a pollut1ng element 1n bas1c sed1 
Inents 

Coral sand and mud occur 1 n regt ons '' 1 th do, eloped 
coral structures ''h1ch are either Islands or barrJcr reefs 
~tretch1ng for a long distance along the coast of contrnents 
ns for examplo the Great Barrier Reef off the cast coast 
of Austral1a Sediment~ of tbts k1nd arc parttculariy abun .. 
dant on the floor of tbP tropical part of tho Pacific Coral 
mud consists ma1nly of calcareous matertal and contains 
an Instgntficant quanttt) of cia} particles 

In the abyssal zone scd1mcnts form ch1eflj through the 
accumulat10n of orgamc matter the mmcral Jmpur1t 1es 1n 
thebe scu1ments arc volcantc ash and cosmtc dust Ooze tale-s 
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1ts name from the mnrtnc orgnn1~ms pretlom1nnnt 1n 1t 
\ IZ (oramlnl CLral pteropod rorcoltli11C cJ JlllOfflDCCOll~ anrl 
radJolnr1an ooze 

Red abyssal mud occurs 1n tlccp pnrts (4 800 5 200 rnctrc~) 
of the ocean Unl1kc tl1c red IDU(l of t l1c ],nth) nl zone 1t 
occup1cs huge e"tp,n~cs '' l•Jclt togcth£'r oro nlmo t four 
ttmcs bigger ti11U tho arcn occup1cll b~ l1luc mtul Tl1o 
colour of tb1s mud 'nr1cs from brJJ!llt red to c11ocolnte and 
In some areas It has blue ~hades Jt ts clelJcalo ontl pln5l1C 
''hen \\ct and hard nnd brittle ''ben d11 It or•g•natcs 
from tl1c dccomposttJon of 'olcnn1c nsla '\ltacl1 mal contaJrt 
a small quantit) of terrigenous du')t ond tl1c 1n~olublo 
remains of ~ltolls of foramtn1fcra anti otl1cr plan~ton In 
some parts of tho occnn tl1o Siliceous skclctnl rcmn1ns or 
rad1olnrrans and diatoms al'3o play an essenl1nl part 1n the 
com pos1 t1.on of a b) ssa l mud manga n~~e n0\1 u lcs ltlC\\ l c.c 
occur l1cre and there 

!\Iarine sed1mnnts aro IIctcrogcnotls O\cr large area~ The 
bedding and ltthologtcal composition of tllt'SO scdJmcnts 
and also the quantity of orgnn1c tmpurillt'S 2n them depcntl 
on d.cptl1 tho prcscncL. of currents tl1c tllst n nee from tho 
c:.horc the sallnitj of the '\ atcr and otl1cr factors Along 
rock} ~hares for e"<ample tho SlUlments consist c1Jtc0} 
of large rock fragments Sea'\ ard t bcsc £ragmen ts g1' c '' a) 
to more or less ''ell rounded pebbles and tl1cn to dcpos1ts of 
sand 1n '"b1ch quartz gra1ns prcuomtnate St1ll farther 8\\3} 
the sand dcpostts arc replaced by sedtmcnts of cia} and silt 

Each of these sed1ments has 1ts o\\n IItholog1cal clJnracter 
or factes Tho d1str1butlon of facles ns descr1hcd abo\c 1s a 
featuro of marine dcpos1ts But. bccauso of tl1c epetrogcntc 
mo' cments on the surface of the land mass e'tprcsscd 1n 
deformation~ of the Earth s crust a dofintte change of facies 
1n one and tlu) same area 1s observed 1n t1mc \Vhcn a section 
of a land area sinks bclo'' sea level 1ts shore 1s flooded and 
the coastal belt mo\ es Inland As a consequence tho coars 
est scdtmcnt.s gradually move 1n tl1o samo direction as 
the sea In the end the coarse st.-d1mcnts \\Ill be slo,\l) 
co\ered. b) C\cr finer material (F1g 83) This Is called a 
transgress!\ o series of sediments boca usc 1t IS c\ 1dence 
that a sect Ion of the sea 1 s gro\\ 1ng ll ccper and consc qucntly 
that the ~ca 1s encroaching upon the land 
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The re' er"e IS o bc:.en ed '\7hen the sea retreats Coarse 
mater1al "'tll mo' e 1n the same d1rectt on as the c.ea and 
cover e\er finer sed1ment$ In th1s ca~c the bottom layers 
'v1ll cons1 c;t of the fmest and the top l a) ers of the coarse~t 
rnatcr1 a1 Th1s serJe::, of sed 1m ants 1 s called rcgressr' e 

l 

F1~ 83 D1~trihUt1on of mar1ne fac1es durtng 
a. transgress1on of the sea 

1 ~gr:~.vel -sand _....cJ a") 4 limestone 

Repeated deformation~ of the Earth s crust may be 
accom pan1ed by repeated tran~gre~s1' c and rcgresst' e 
movements of the sea and by the superimposition of sed1 
ments of one over other facies 

In the long run the destruc t1' e and construe t1 ve \Vor k 
of tho sea changes the outl1nes of shores le" els out the rel1ef 
of tl1e Earth s surface through tho denudat1on o£ continents 
and tl1e filling of sea troughs 'vhero ~ed1ments accumulate 
Thib process of rock acCllmulatlon In seas and oceans began 
'\\lth the hlginntng of t1mc Toda) these rocks lte 1n th1ck 
series and make up the upper part of the Earth s crust 

GI:OLOGICAL ACTIVITY OI LAh.ES AND S\\Al\IPS 

Lahes Lakes are sheets of ''ater on the surface of cont1 
nents Th~) h a' e no d 1rec t outlet to seas The centro of 
a lalc Js usuall) deep and no offshore veg{ tatton can g.ro\v 
thero Tho s1zc of a laJ...o ranges from less than one square 
k1lometrc to such gtant reser\ o1rs a~ the Caspian and Aral 
sea~ '' ho<so '' atl r area extends over tens and l1 undrcd ~ of 
thousands of square kilometres 

'll1c ho llo'\ s or b as1 ns hold 1ng !ales 0'' e then r ortg •n to 
'\ar1ous factors There are numerous lakes 'vl1oso bastns 
hnvc been cat\(!:d out b:-, an.c1ent glac1ers Some of the 
bac;tns those of lakes Ba1kal and lssy1.. hul for example, 



aro tectonic deprc~sJ ons (grnl•ens). tnos~ of '\ l11Cl1 ore 'CIJ 
deep In mouiltaJn r~g1ons lnkcs !rcqucntl) fom1 ns a 
result of tl1o dnmm1ng up of ri\Crs IJ) rock fnlls lor c'tom 
pie lakes Snrcz and Yasll1k l\.ul 10 tlto I,a.m1ts Lakes 
also occupj tl1o craters of extinct 'olconocs or lni""L s1nh.s 

Lakes occupy G 1 per cent of t1•c J:nrth s lnnd oren TI1e 
\\atcr rcgtmc nnd t!Jo m1 ncrnl content of tl1o '" nt{'r depend 
on the climate 

Tho follo\\Jng !igurl)s sl1o\\ ll1c snl1n1l) of somo Jnkf!s 
(1n per cent) 

Cas p1a. n S-r-r. 
Arnl 5£-"a 
Dlnd Sc~ 
Lab.e ~akl 
Lakrs I: I ton and Dasb.un{ b1k 

1 () 
t OS 

237 
21 1. 
28 ~2 

Accord1ng to the1 r '' a tcr regimes Ia lcs are d1' 1 dcd 1 n to 
the folio\\ 1ng t '' o groups 

1 Running \\atcr lakes \\b1ch arc fed by rivers and 
g1" c t11e1r '' ater to other rcscr' o1rs or r1' crs (for example 
)ales Ladoga and Batlal) 

2 Lakes \\ltho\1t outlets These are fed h!f tl\Crs but 
C'=P end ''a tcr onlj on C'\ a pora t1 on (the Caspt an and Aral 
seas the former rcce1 ves 1 ts '' at ers from the Volga the 
Ural the h.ura tho Tercl and other btg ri,ers and the 
latter from the S) r Dal) a and the Amu Da11 a Lab.o BJ.l 
khasl1 ''hrch IS fed b~ tho Ill Iss)l h.ul ''htch IS fed b) 
the 1\.aralolka and other small ri\cr~) 

The geologtcal Importance of running ''ater lakes and 
lakes ,,.thout outlets 1s extrcmelj \8ricd 

Running '\ater lakes recCI\C mineral sediments trans 
ported b~ r1"ers and the manner 1n \\hich the} are filled 
depends on the1r s1ze and depth Shallo'' lakes usuallJ: 
accumulate only coarse mineral matertal the s1lt IS carried 
a"ay b) outflo,ving rl\oers On the other hand tho ''ater 
of the r1\-ers flo\\IDg out of htg lakes IS In most cases ab 
solutely transparent An example of thts IS the Angara 
R1 \ er '' h1 cl1 flo'' s out of Lake Ba1kal Its '~a ters are trans 
parent 1n '"Inter and summer al1l.e Small and shallo'v 
bastns are ob, 1 ousl) filled '' 1 th d et r1 tal depost ts faster 
than b1g and deep lakes Another po1nt that must not bo 
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O\crloolcd 1s that scd1 
ments aro accumulated 
faster near the mouths 
of 1nflo''1ng streams and 
along ~bores 

In lakes as 1n seas 
and oceans, 'vatcr masses 
Jno\c 1n l\aves but, ltdcs 
plnv hardlv an' role 
a.t all In some of the 
h1g lat.es a movement 
of the ''atcr table caused 
by a change tn tl1o baro 
metr1e prcsst1rc of tho a1r 
can be obscr11cd 1n calm l ~~ 
\veather tl1e "'a ter table 
rises a fc'v ctnttmctres 
along ono shoro and falls 
eorrcspondtngly along 
the opposJtP shore These 

, 

f1& 8~ Bcac::.h barr1er on the shore 
of La"o Imandra 1n h.h1ll\ny 

var1a~tons 1n tht surf1c0 le\ el of lakes nre called SCIChl-S 
\Vavc~ 'vb1ch tn somo lakes reach a he1ght of tbr(e 

or four metres play an 1mportant role As tn seas they 
"ear a''BY ~hare protuberances tl1o abraded material IS 
transported and sorted (Ftg 84) \Vave abrasion ts 
also 1m portant tn the R l bt n sh. Ts1mll ansloye h.. u1by­
.... hc\ and otl1cr man made seas 1n tho So, tet Un1on 
It frequently destro)s shore structures That oxpla1ns 
'vhy tho nbras1on of '\ ater bastn shores 1s stttdled so 
closely 

Tl1o sl1allo'v \vater rcg1ons of runn1ng '\later lake'; nrc 
usually overgro\\~ ''1th rushes ~cdbe and other mot~turc­
lovlng vegetation As tltcy '\ 1tl1cr tho plants fall to tho 
bottom of tltL basin and stimulate the dovclopment of 
luxuriant lung• A mrxturo of mtneral and organic s1lt 
called sapropel (putrad sltmc) tbu'i forms on tho floor of 
lakC's ''egctnlton encroaches upon an Increasing area of 
tl1o ''atcr space of n lnko betng filled ''1th scd1mcnts nod 
stcndtl~ bccomtng shallo\\cr so tl1at grndualll tho lnl..e 
ccn~s to be n ''ntcr bastn nnd 1ts hollo" 1s completely 
filled '' 1 th vcgelnblo rcmat m-" ·pent 
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The character of th c ' egct n t ton 1 n n lake changes '\ 1 th 
t1me and that IS '' hJ the compost t 1 on of pea~ ' art es from 
bottom to top (Fig 85) At first tltc 'egetnt1on conststs 
ch1efly of rushes then cqu1scta and scdgo appear then '\ood 
, eget a t1 on and fin all) moss If the r1' crs and underground 
\\atcrs fccdtng a lake conta1n salts of 1ron and manganese 
deposits of Iron and manganese ore sometimes of commcr 
c1al Importance form on the floor of the Jake 
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Ftg ~'"' Structure of a bog formed ns a result of the o" ergrowth 
of a Ia ke by \ egetat 1on 

1-tresb "'a ter marl 1 ~SJJ1ropel of peat J'-organ1c slJmt 4-reeda J­
rusb.es 5-equl.seta 1-sed2e 8 -sert~e l\ 1 now 9-for-est 10-bypnaceae 
J ,_,., cld ,. J gnonctle sphae:num 1 -cot ton ~tass sphagnum 1J-aphagnum 

\\ ilh pine stumps 14-nloSs on a sphagnum carpet 

In lakes '' 1 tJ1 no outlets c' aporat1on 1ncrca~es tile salt 
content of tl1c '' ater the l11gbest sal1n1t~ bctng at po1nts 
fartbc~t from the mottlhs of ri\crs Depending on the m1ner 
nl composition of the ''ater 1n 1nflo\\1ng r1"crs the saturated 
''atcrs of a I ale (br1ne) '' 1ll prec1p1tate hal1tc (rock salt) 
mtrab111te glaubcr1tc sod1um carbonate or other salts 
The~o lales nrc tmportant sources of ral\ material for tho 
c hem 1ca l 1nd ustn 

Suamps Tracts of land saturated b} atmospheric precJp 
ttatton turn 1nto s\\amps In some cases tl11s ts a seasonal 
pl1enomcnon httt tl1cro also are permanent Sl\amps If 
atmo~pber1c preCip!tntton IS the onl). source of ''atcr 
as (or example 1 n tnterflu\ tal arC' as '' htclt cannot be 
rcacltc-t.l h} r1' er or ground '' .ntcrs the rc 1 s , cry II t tic m 1 nera I 
~3lts 10 the soli Th1s g1' es rt~c to spcc1al S\\ amp 'cgctnt1on 
1 e mo....s {~ph agn um poll t rtchacac and so forth), '' b 1 cb 
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has a 'ery low m1neral content The reroa1ns of th1s s'\amp 
vegetat1on turn 1nto pe~t ''1th a btgl1 calor1e and lo'' ash 
content 

Peatbogs form tn r1ver 'alle)S as '\ell But there the 
S\\amps gc~ their 'vatcr from tbreo sources prectpttatton 
rl\er5 and ground ''atcrs The salt content of these S\\'amps 
IS much l1tgbcr and tho vegetation cons1sts of rushest S(dge 
and shrub~ The result1ng peat therefore has a b1gher ash 
and smaller calorie content Iron (bog) ores occur 1n these 
lo'\ lytng s''amps 

o, er a long geologl cal perl od l n1 ern u Vlal and lo,, I y lDg' 

peathogs de" clop tnto coal deposits As a result of dtagcnests 
'\\1thout the part1e1pat1on of oxygen. the carbon of the 
pI ants docs not turn 1nt o carbon d lO"ttd e as "ben '' ood 
decomposes 1n the open On the contrarv, 1t accumulatPs 
and the peat graduall) 1s rcconstructctl Into lignite bro,\D 
O't hard coal 

l.IAN AS A GEOLOGICAL AGENT 

~ian's geological act1' 1 t y proceeds tn throe ma1 n d Irec­
ttons 

The fir~t 1s 1n agriculture 1\lan plough~ up large e"tpanscs 
of the Earth s surface !ertJllses the sotl and thu~ consider­
ably accLlerates so1l formtng processes In add1t1on rodn 
tales many measures to fac1l1tate f<trm1ng For example 
In some regions he dratns the so1l., tn others he floods and 
1rt1gates 1t The net result of thts dCllvtty 1s that the proc­
esses of "eathPrlng arc., further speeded up and de\ eloped 

fb~ S~cond lS ln geology ltnh.ed up '\lth tho tapp1ng of 
nature s rtche~ The dlvelopment of natural resources such 
as ores coal and petroleum 1s steadtly expanding and 
spread1ng to ever new dreas and greater depths 'IbiCJ. '"ealth, 
gt\en the general name of minerals occurs f'Vecy\\hcrc, 
but 1.ts quant1ty and economtc tmportancc "a.r1cs Some 
a rcas for example ma} ha' c huge peat d epos1 ts ly 1ng 
almost at tl1o surface others ha'.-e dopos1ts of coal "h•ch, 
1n contrast to peat frtqucntly l1e at brCdt depths 

To dc1rclop coal depo~1ts man bu1lds deep m1nes pcne­
trnt(s many hundreds of metres 1nto tho bosom of the 
I:n.rth and bnng"S ~oa\ \t) \b~ surlacc tbroubb a "noie 8) stem 
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of ~hnfl~ DJg llollo\\S forrn tn tha ~roun~l \\hrro 'o1l I-. 
c\.l rae ted '' 1tl1 tllQ ~suit thnt n 1 r '' 1ll1 Jt-; gn~ rnoJ~turo nnd 
so on pcnctrntcs thro,,gl• c;Jlnrts R1 llrraes nn41 ot hrr fl1q,~.agcs 
and \\ e1.ll1cr1ng beg1 ns \\ h~ro Jtor1nn 11} al '' ould not hn\ o 
occurred B) hr1 ng1rJg grcnt rJunntllJl '1 or mt ncar1l" nnfl 

barren.., roc~ to tllC surfncc or lht I nrth nnrl fonnln~ 
large ''nstc ptlcs nt tho mouth-, of IHl-; rnnu chnn~lS the 
appearance of tho Lurth b sur!nLo nntl nl~o lito confl1t 1ons 

Ftg RG S1nktng of the surlar.o of aa. obllndoncd tos.l r.cld 

tn 1ts Interior Th1s act1' 1t.y rc~ults 1n tho deformation 
and s1nk1ng of tho surfaco laJcrs O\crlllng mnn made 
bollo\\S (F1g 86) 

To dc,elop o1l and gasficlds man hns to dr1ll ''ells some 
0 f '' htC h aro fi \ e { t' Sl "\: ltlamctres deep ll) SO dot ng he 
C" tdcn tl) starts a scr1 es of nc'' processes '' l11 ch oth cr\Vl so 
'' ould h a' e proceeded "er) bl O\v 1) or '' oul d l1 ot ha' o tttken 
place at all Surfaco Ia) crs may also he deformed by the 
e'.:tract•on of large quantittcs of otl 

Tho Earth s surface Is c1Inngcd rad1call~ tbrouglt the 
do\clopment of Iron coppl.r ttn lead and other metal 
depos1ts To c"ttract these mtnerals man bu1lds deep m1nes 
Thus c~plot t1 ng m 1 ncral rrsources man bod 1ly Interferes 
1n tho ltfe of the Earth s crust 

Lastly the th1rd dtrect•on of man s geologtcal activity 
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cons1sts 1n butldtng surface and ttnucrgrourtd structures 
In order to erect tall butldlngs b1g m1lls and factories and 
other structures mnn butlds deep foundations for tl1cm 
Ho penetrates still deeper 1nto tl1o Eartl1 \Vhcn he hutlds 
t unncls for sub\\ n} s 1 n ct t 1 cs nnd also for ra1l '' ays tl1rough 
mountains 

1\lan s Importance o9 an agent occclcrating the d1sperston 
of m1neral masses thnt had accumulated ovor n pcr1od of 
man~ hundreds of tliou~o.nds of l ears '' tll be readtl} ap 
prcctnted 1f the durat1on nnd scale of h1s gcol()glcal actt' 1ty 
Is ta"b.en Into constderatton 

Th1s actl~Jt) JS grol\~ng Jn JntcnsJt} \\llh the gro\\lh 
of man;s kno'' ledge of nnturc and '' tth the de,clopment of 
mach1ncs 

DI \Ghl\ESIS 

The formatton of sed1ments may be describcrl as an 
accumulatton of the products of mechanical chcm1cal and 
organte dcca) on the fioor o{ bas1ns or on land Sod1ments 
never remain constant 'Vhcn l\c compat13 scd1mentaey 
rocks of mar1nc or conttnental or1g1n '' 1th the aqueous 
or terrestrial depos1ts that accumulate bofore our eyes, 
'Ve ~hall notiCe many d1stingu1shtng feature~ that are due 
to the changes that talc place after sed1mcnts arc laid 
These changes are caused by the physical, chemtcal and 
biochcmlcal processes tn sed1ments due to 1nteract1on w1th 
the environment These changes embrac\ng dtssolutlon 
recrystallisation, formatton of concrot1ons coal and so 
forth are collect1' c ly called dlagenesls 

In d1agencsis a vet) essenttal role 1s pla-s l!d by chemical 
reactions and the acttvtty of organisms (bactcrra) Through 
these processes sedtmcnts undergo substant1al changes and 
gradttally turn 1nto rock 

DtssolutJan,. This process ma~ embrace o·nty the top or 
the ent1re se:a:1es of sed1ments on tho floor of a bas1n Orga­
nisms '"Ith easily soluble skeletons (consisting of calctum 
carbonate) are dtssolvcd part1all~ as thel ~rnk to the sea 
floor after death Dur1ng l1fe their skeletons are protected 
aga1nst d1ssolutton by an organiC Jacket, \Vhtch 1s de~tro} cd 
\vhli!n they dte 
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It ha~ been noticed that man) fresh ''atcr mollusks the 
common pond edcntata for example, \\hose shell IS protce 
ted b) a chttin sheath arc ltke\\ISO d1ssol\ C(l after death 

Shells con~1st1ng of concb•tc substances d1ssolve faster 
than an) oth crs c:h ells c onst ~t Ing of en lei t e h a\ c a grca tcr 
rcs1st a nee to the d tssol' 1ng action of '' ater Rem a 1 ns of 
mar1ne 'crtcbrates able to resist d•ssolutton best of nil 
for example the autlitOl} mcchantsm of fi~hes D.nd c;hark s 
teeth arc brought to the surface from the ocean floor dur1ng 
deep sea 1n' estigations All other parts of the skeletons 
d1s1ppcar ''1thout a trace, dissolving 1n sea '\ater The 
stltcic skeletons of organ1sms formtng Siliceous sed1mcnts 
take mucl1 longer to dtssol' o 

RecrystallEsatzon One of the proccsse~ of d1ageneS1S 
IS that of tho reciJstallisation of d1ssol\ ed clements On 
the floor of bas1ns scd1ments contain parttclcs of Dl.Incral 
and organtc matttr As diogcnc~•.s proceeds the organlLr 
clements 1n a scd1mcnt disintegrate Into 'artous ne'v com 
pountls These compounds Interact '' 1th the mtneral cle-­
ments 1n the sed1mcnL to produce ne'' minerals \\h1le some 
of tho c 'tl st1ng minerals rcCIJ st alltsc In tillS '\ ay It me 
ooze for example turns 1nto limestone 

A stltca rtch rocl called gatze forms v,.hcn sponge spt 
culcs d1ntom shells and ~o on nre d1ssol\cd 1n tl•c sed1mcnts 
on tl1 e SL n floor Tl1c d •s"ol' cd material 1 s prcc1 p 1 ta ted as 
opal or chalccdonl and cements the cla~tic clements of a 
~cdtment or fills tl1c Inner ca\Ities of organ1sms 

Rec11 st a ll1 sa t1 on 1s so met 1 mcs a 'ClJ ra p1d p roce~s as, 
for c"tamplc dur1ng tho dingencbiS of coral reefs \\hose 
orga n1c baso becomes fillcc.l '' 1th en st alltno limestone 
S1m11ar regen(..rat1ons Into ~ol1d ltmestonc 10 \\)tich traces 
of orga nt c st ruct urc cannot a I\\ a) s be I ound n ro obst.r\ cd 
nmong ncf bu1ldtng calcareous algae The raptd regcncr­
alton of organic deposits Into Cr)Stalline ltmcstonc IS 

tluc ma1nl} to the carbon dioxtdc l1bcrated dur1ng tho 
tlccomposlllon of the organ1c matter of algae Carbon dJo"t 
tdo Intcnsa\cl} tlt~sol\cs l1mc ''h1cl1 after tl1e carbon 
tlt o:ttd e C\ n porn tes 1s prcc 1 p1 tat etl 1 n Cfl st n 111 no form 

Formation of Concrellons A \ar!Ct) of o::e-ptarum noJulcs 
or gro'' t Ls ( concrct Ions) arc frcqucn t l) epnra ted. \\hen 
rocks d •~ol \ c nnc.l reel} st a II 1 sc Tho sha po of the so con 
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cretions ranges from spbcr1cal and cllipsordal to botryo1d ... 
a\ and dcndrtttc Frequently nodt1lcs arc conccntrtc 
'' 1th the mineral sholls 0' crlapptng each other They U'lually 
form round some CIJstalltsatiOD centre such as a mtncral 
or shell fragment 

Examples of concretions are calcerous nodules Ill nrg1l 
Iaceous or marly deposits Concretions of ferrous carbonate, 
barium carbonate 'liitca and phosphate of ltme (phosphor­
Ites) occur frequently The latter are a very valuable raw 
matertal for tho chemtcal Industry particularly for the 
production of fertiliser (supcrpho~phatc) 

Concretions usually ha'e hollo\vs \\hlch are filled by 
ealctte quartz, pytitc or some other mineral crystals and 
are called geodes 

Dolom£tlvatlon The formatton of dolomttcs 1s another 
manife~tation of diagenesis lt ts surmised that when the 
magnesium chloride of sea ''ater Interacts \\lth calcium 
carbonate 1t turns tnto magnestum carbonate wb1le the 
calcium carbona~e '"htch dtssol\ e~ raptdly JS carrted a'vay 
by ''ater currents In one '\ay or another organtc processes 
also contribute to the dolom1t1sation of l1mestone 

Ct has been found that up to 43 per cent of some fossil 
shells ''h1ch contatned only traces of magnest\Im during 
the l1.fet1me o{ the an1mal ecns1st of dolomtte 'rhts sho,,s 
that 1n foss1l limestone th~ dolomtttsatton cvcle takes 
d 'ery long ttme 

Decomposttlon of Stltcates Sllt.cates decompose under 
the action of sea \Vater It bas been establtshed that at depths 
of over 4 000 metre~ thP ocean floor ts covered 'v1th red 
clay composed of the produGts of the decomposition of 
stl1cates \vht~b ~ach the floor as volcanic or cosmic dust 

Red cldy IS composed ch1efl:\ of tron rtch h}drous Sili­
cates and also of substanttal adm1"ttnre'J of othtr mtnerals 
and rematns of Slltclc organisms There 1s very l1ttle, not 
more than one per cent l1me 1.n th1s clay The var1ous 
nodules that occur 1n 1t are mostly mangantse oxides 
"Wb1ch a-re regard~d as the products oi the decompo~ntton ol 
volcaniC dust Iron 1s also found In manganese concretions 

Role of Bacterla Organic suh~tances decompose rapidly 
on the s~a itoot part1cula'rly wher~ baeter1a part1c1pates 
1n the IJrocess The molecules of organ1c substances cons1st 

14-521 209 



of carbon Q"{)gen hydrogen nitrogen sulphur phospho­
rus Iron and ~orne other elements Btnarj compounds, 
1 n "'h 1 ch water carbon d lOX Ide h) droc arbon ammon • a 
113drogen sulphtdc hydrogen phosphate and other elements 
plaj a part form "'hen organ1c matter decomposes under 
the action of bacteria These compounds d1ssolve easily 
tn ""atcr and Influence the m1nerals "1th wh1ch they come 
Into contact It 1s believed that phosphorites are a product 
of this decomposition 

Sulphate s and Su lphtde s Sulpha t es (sulphate com pounds) 
form In the sea The actton of sea water transforms sulphate 
~alts For example under the act1on of carbon they turn 
Into carbon dto~Ide and sulphides which are sulphurous 
compounds of sodium potassium calctum and magnes1nm 
L nd<.r tbe act ton of carbon dtox•de sulphides turn Into 
carbonate compounds and precipitate b) drogen sui 
phld~ 

Sttlphur and llydrogen Sulph1rde Allal1ne compounds 
are d1 ~ol\ed and carr1cd awa) by sea '"ater "'\\hile calcium 
Cdrbonatc IS prec1p1tatcd 10 the form of a po1\der I1ke 
se-d1mcnt Bacteria play an Important role In th1s proce~s 
The) al~o qutck.en the decompos1t1on of organic substances 
and •n ~orne cases cause pure sulphur to be precipitated 
~ulphur may thus separate from albumens and then turn 
1 n to 11} drogcn suI pht de In I a1. es I agoons and seas the 
v- at er con t 1.1ns a largo quan t 1 t y of ealc1 urn su 1 ph ate and 
through the bactcrio.l proce~s It may become enriched 
"1th ll} drogen sui pl11dc 

In thts re~pcct the Black Sea mny ser\ o as an example 
It 1s a d(toep dcpress1on separated from the l\ledlterranean 
L) a lugl1 ~til (the Bosporus 1s nov..here deeper than ~evcrnl 
ttns o[ nletres) In the Dosporus there 1S a double current 
f rc !tt r v. at cr flO\\ 5 Ill t 0 the a I cd I terra nean from the Black 
s(l-~ on the urfacc \\lllle hea\ ter salt "atcr no,,s on the 
bot tom •n the rc\ er c d 1rect 1on from tlte l\ledt tcrrancan 
to the Dla.ch. Sea Tb1s "a.ter C}clc onl} embraces 'l th•n 
I 'l} rr o( '\\ at£tr not cxcC'ed1ng 200 metres there IS enough 
ox\ ~l n In th1s Ia) er to allo\\ organic l1£c to flour I c.h Deeper 
t ht rl lfll h} d rogl'n cui ph1de v. hose quan lt t) 1ncrca cs \\ Jlh 
t.!rJ,lh Tb1s l1) drogcn ulphttle forms tl1rouglt tho v1tal 
a ell\ tl) of Lactcr•a de\ elo p1ng on tl1c floor fha t ts \\ hy 
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no organisms except sulphohacter1a can ltvc tn the deepest 
parts of the Black Sea 

Lake and Bog Ores Iron accumulates and the reduction 
of ferrt c ox1 de [Fe 0 3 ] tn to ferrous o "tl de [Fe 0 ] Is obser\ ed 
1n fresh water basins Here the leading role ts plajed by 
special bacteria that consume oxygen and release carbon 
dioxtde Th1s process Is very Widespread In nature and 
leads to the accumulation of 1ron ores kno,vn as lake 
bog meadow and other ores 

Hydrocarbons The decomposition of organtc substances 
may result tn the formation of hydrocarbons of '\\h1ch the 
most Important are 1) m~thane or combust1hle gas -vwh1ch 
Is often liberated from the Earth 1n na.tural condltions 
2) petroleum and other ltqu1d hydrocarbons 3) ozocer1te 
or m 1ner al (fo~s1l) v.. ax, wh1 ch 1s a m 1 xture of solid h) dro 
carbons and 4) asphalt '"h1ch Is a product of petroleum 
O"tlda t lOU 

Sapropel Organ1c ooze or sapropel 1n wh1ch a large 
quant1ty of fresh-water algae ts bur1ed accumulates on the 
floor of man) fresh water lakes In some cases th1s ooze IS a 
mtxture of organic and Inorganic substances 1n '\\h1ch the 
former are represented by the remains of microscopic plants 
and organisms animal debris and so forth In the course 
of diagenesis such ooze may y1eld many organic compounds 
Various organtc products Includtng benz1ne petroleum 
and paraffin have been obta1ned from sapropel In the labor 
a tory 

Diagenesis 1s observed 1n cont1ncntal dcpos1ts as Vwell 
Peat Coal Anthractte Another mantfestatton of dta­

genesis IS the transformation of plant remains 1nto peat 
nndt further Into brown coal hard coal and anthracite 
If plants deca} In the a1r, the1r organiC parts disintegrate 
completely and only a small quant1ty of mineral (ash) sub 
stances rema1n On tl1e other hand tf they decay v.rhere no 
OX) gen reaches them part of the car bon comb 1nes " 1th 
ox~gen and ts ltberated as marsh gas hut the grcattr por 
t1on of 1t remains The h:;drous elements arc removed [rom 
pi ants and tho 'egetab 1 e mass 1s enriched w1 th carbon, 
1 e 1 t coal1 fies 

Carbon accumulnt•on may be dt\ 1ded 1nto the folio" •ng 
stages formnt1on of peat, brov."'D coal hard coal and lo.stl) 
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an thrac1 te In " ood tho en r bon content a vcragcs ob out 
48-49 per cent tn peat up to 52 per cent, In brown coal up 
to G2 per cent 10 hJ.rd coal up to Bi per cent nnd Jn onthrn 
Cite up to 92 per cent 

Compared \v1th pent hro,vn coal 1s n more compact bron~ 
b I ack mass '\ 1 th an uneven earth) f ract u rc U sun II y ' cge 
table rematns can be nottccd 1n 1t Tl1c transitory 11roduc.t 
bet\\cen peat and bro\vn coal IS cnllcd l1gnttc and retainS 
the i orm and struc\ ure ot '' o od 

liard coal IS tough black and 'cry dcn~e There arc 
many var1ct1es of this coal Some nrc Iustrcous fott} In 
appearance burn \Vtlh a smoky Dame and turn 1nto coke 
1f\ hen burned " 1 thou t OX} gcn others h 'l \ c a d u I I lustre 
and burn '' 1th a colourless flame Some coals rclea~e a 
I a rgc quan t 1 t) of l1 l d rocar bon and are usQ-d for the prod uc 
t1on of coal gas others on the contrary ha\ c a 'er) ]o\\ 
gas content 

Anthracite 1s very hard and has a black metnllic lustre 
"1th a grc}Ish ttnt Although tt dot.s not catch altght 
e astl y 1 t has a \ cry htgh calort fie ca pa.c1 t i 

Hard coal that forms 10 areas that had once been covered 
'' 1 th ' egeta t 1on IS called nut ocl1 thon a us If the vcget able 
mater1al for 1ts formation lS brougl1t from afar 1t Is called 
allochthonous coal 

Autochthonous coal accumulates 1n vast swamp r1dden 
areas Allochthonous coal may In t1me fotm In the mouths 
of the Yen1se1 the Lena and the Ob ''h1ch carry huge 
masses of vegetdble matcr1al that IS subsequently bur1ed 
1n the sed1ments of the Arct1c Oc~an 



ENDOGENOUS PROCESSbS 

In the development of the Earth s crust an Important 
role 1s plajcd by geological processes engendered by the 
Internal forces of the Earth These arc called endogenous 
processes and they Include the Intrus1on of magma 1nto 
the Earth •s crust and 1ts eJeCtion to the surface from the 
1nter1or of the Earth tectonic movements of the Earth s 
crust Ieadtng to pertodtc slow upl1fts and subsidences of 
separate regions sharp and somet1mes vet) VJo1ent tremors 
10 some parts of the Earth dtsturbances 1n the hor1zontal 
beddtng of rock sertes 

H) pothescs arc all we ha" e to go hj as regards the nature 
of the tntcrnal forces caus1ng the abo\ c processes The ch1ef 
of these hl potheses are d1scus~ed bela\\ 

IGNEOUS ACIIVITY 

The Earth 1s a sol1d body Wtth a dcfintte thermodynamic 
equ1librtum at various depths Th1s cqu111brlum was estab­
lished tn the process of tl1e Earth s development A dis­
turbance of th1s equilibrium In any area (1 c a drop 10 
pressure or a r1sc 10 temperature) rap1dly trnnsformc; tho 
Earth s mass 10 tl1c affected foe• from a sol1d to a liquid 
etato Thas translormat1on 1s accompaniLd bl a colossal 
1ncrcaso 1 n 'ol u me and by the nov.. of the resu It ant "'h 1 te­
hot S1l1catc mass (m~gma) to the Vtcah.£~ncd crustal areas 
'\\ l1cro tt ~omet1mcs rtscs to tho S\lrface 
~tngmn forms at }.!rcat depths (o\cr GO t..tlomctre~) v.here 

the tern per at urc ( t. 200-1 500 ~ C nnd o' er) e"tcccds th c me 1 t· 
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lnJ! pn In t o ( rnc l It i<~ rorr,.11 tn thr •urh rr 1'\ lrl rn tl y 
lr): h}tlru~tntlc prr~~urt \\hll ltrclll~f lhr J't'f'-41 urr 1lrnr-­
\hc J!,.. r-~ \n \l11 11lnr1n"' nt• ftt•lu' t\\l) rll'-. rl! '11ft'H~)\\ a 
"'l r 1 ('" 0 f (' X I' 1 n (Ill (l n 41 I t 1 t Ia n J I u n r , r it l rn 1 n i r {' ... t A ll 0 n (l r 
1J::nr-ou1i\ nell\ II) 

r h l t l r I 1\ I J...ll t n ll ~ n C l i \ i l} r n \ r t"t l Jar r 1 n 1 ~ 0 r J' r Of' I C" ~ 
11 n l1 t1 u p '' 1 t h tl J ft n c t1 \ Ill n I t l1 r 1 n r ll a " ~ n I r rn 11 f t, rc t "" 

nntl mnn1 r~ trd an l lu in I ru ... ion or 1nnhrn n In to l hr I , rt h " 
crn~t nr 1 t~ (\ru pt Inn to I he ~urrnr4 \\ i tl1 •nil t q urnt "~nl Jtl i fi 
c 1ll () n I n t h r n ~ l r n I' '" t tl r , I \\ II h I n I r u ~ I ' r " n 'I i n 
t h {' ~ r c 'l n ( l \\ • t II (' rr u ~ i \ (' i f.: ll ~ n t l '\ 0 r l i \ J I} c l r \ ()I c a n i "' II I 

T h P ~ n l1 d 111 c n t 1 u n of 111 n ~ n 1 n p r n tl u c ( ~ IT1 n ~ rn n t i c roc L. '~~~ 
\\ h ICh dl'Jll nd anr: on hu'\ ttu~} \\ t rt r ornlrtl Otl ( Ia -.I lit ,J 
n~ tntru~l\ P (nb) ~,J) • rru~l\ r nncl h) p1h) .... ,1 \II tl1r.ct' 
rocJ..q pro1J UCI c; o( 11111 fnrrn prtlunr) Inn~ n1 1 tl i rf rr froM 
r1ch other Ll thrar clu Inlc~l .n1Hl ntin1 r'llo~ic'll con1ro~llion 

!\ 1 n~ nl n 1 ~ d I rr ( rlln t l a It d i (' ~ pIll u I' in t 0 In) r ~ 0 ( 

d 1ff~rl nt corn (1og.l t1 nn ur u.prc 1 fie \\ {li~h t throu~lt \ nr1ou~ 
ph} ~1c1.l nnd cherntenl 11roct c.~ th~ li,::htrr rl(\rnrnt~ 
nccumul1 t(' zn the u flll~r I D) t. f!' .null thr- hrn\ trr t 1rrnrnt! 
1n the lo\\ er I 11 t. rq 

l t lS hll,~\ \ d \l1n\ tnngn1n d '(t\ tr-n\lr.\ion i~ it\ flu<. ncc~l 
b} d1£Cus•on th~ pa ~,g._ of ~It ctrac currt nt~ nnt1 othrr 
proctt ~~s 

The c"tt rcan1c £orn1~ of tltffl rent anlt d n1n~rn 1 nrt J!r1.111 tIC: 
m 'lgmn n1oro ll1nn (j!j per cent of \\ h tch cun~• l'~ of "t l1c1 
and bas~ll1c t11ng1nn 111 \\ l1Icl~ lhc g_111cn con trn t a~ ll'~~ th 1.n 
55 per c~nt S1ltcn r1ch 1nogu1n 1s cnlletl pc~JI1c nntlin,~rna 
'' tll1 "l lo\\ q,lllctt content ss cnllct.l basic 

\VI1~n rnngn1a ~oltd 1f1cs 1 t 1s nccolnp,nlcll b) the- crl "ll tt II t 
sat1on of mlncr~ls bns1c m1ncrnl~ Lc1ng tl1c f1rst to cr}st~t 
liSC 

\Vhen magma bursts througlt tJ1c rocl mn~q or the I arlit s 
crust 1t melts and ~bsorbs (nss1m1lnt~s) the roc~s 1n 1ls 
path and 1ts composttlon thnnt:~s 1n the procc-qs For c'(nnl 
ple nftcr absorbtng D18"SCS p[ enclosing rocks S"l} litnr 
stone pcrsillc mngmn loses somo of 1tq nctdlt) Jn other 
cases after molting nnd absorh1ng qu1rtz ~nndstonc or nn) 
other s1m1lar rock baste mngmn bccomt'S more nctdiC 
through an Increase 1n 1ts stllca content I\IIncrals that do 
not occur ctther 1n tho magma or 1n the surround1ng rocks 
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form at the potnts of contact het~een the 1nvad1ng molten 
magma and the cold :rocks of the ltthosphere These aro 
called contact or frequently, ore m1nerals 

Intrusive Igneous Activtty 

Where there 1s 1n trus1 ve tgneous ac t1 v 1 t y, the magma 
tnvadtng the Earth s crust forms magmattc bodtes or 
Intrusions 1n tt The s1ze of these 1ntrus1ons and thetr rela 

Volcano 

....... 

-~ - ...... ....... 
~~~ / -, _,,--""- -

.I- - ~~' I~ / 
- "1 - - , ,Bathol1th ' 

- /_, - I - ' 
' I' j/ - I - - - - ,- - - ,-

-J'I-f- -/-I--/~ -''1- - ~r ~!.. ~.t- - -

l'1g 87 Strat1 ficat1on o[ mtrus1vc and eli us1 \ e roch..s 

ttons '\\ 1th the cnclos1ng rocks vary The folio" 1ng types 
of 1ntrus1ons arc dtstingutshcd (F1g 87) 

Balholltha-largc magmatJc bodJes of Jrreguiar shape 
'Vlth steeply d1pp1ng s1dcs Tho} are formed when mngma 
soltdtfics at conSiderable depths tn the central parts of 
folded areas The surrounding rocks nrc breached as 1t 
"crct and for that rcacton batholiths arc not bedded 1n 
tonform1ty WJlll tl1cm Tboy arc formed chJcfl) by ac1d 
rocks of the grnnlto tl pe (\\estern part of the Zcravshan 
Rnngc 1n tl1o Pamtrs) 

Stocks-tn,gmntte hod1es that aro considerably smaller 
thnn balhol1tbs (less tban 100 square k1lomctrcq) but ~1th 
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tiJt- ~1 rnc- con1l it (on~ nf r ormn lion •hn (lf' n.n•J rocl C_,m (lD 

n~nlo. 
I accoli ths- dornr I i ~c hntl ir"' \\ i I h n ~on\ f' 1 ~urfacr "nd 

R n n t lJ n ~ e T h t' I r cl in In I l (' r \ n r i ~~ r ru 111 II II ~I r r d ... 0 r nl r 1 r r1 
to ~r, cr1 I l-,.1lornrt rr,.. Thr) d nrnr up O\ rrl) in~ r1lC''L1 111 ncl 
n re concort1 nn t '' 1 lis t l1£'tn (4ol n lrd n1oun ln ln-. In thr 
'JCinlt) of Jl)nliJ.!or.k (\fntthuk ll4 •lltnu /lu~-lrznn)n nnd 
olhf:'r~) arr lnccolilh._ Thr t din1rn1~ thnt h1tl furmrrl) 
l11 n on th~n1 hn \ c no\\ br-rn n 1 mnt~t l rn t I rt 1.) rroclrt1 •o I h:.l 
there nr~ }1,rc i~ncou~ rock~ on t hr ~n 111fnl1 .. or tiJr..cr mnnn 
tn1ns 

Fl ~sured in ITU$lons rortn \\ hrn fil n,::rnn ('n l~r-t rocl li~curr~ 
m 0'\ 'ng n \\ 1\ ~ f rot11 1 n fi!\' 'n \ f\\11.\' e llo\l '~"'" 1 i. .... u f("~ tl\ R.) r, ~4( 
nlonJ! the beddtng of ~nclot.\10~ rock I\ (in t rttotq I\ r •hrt t~) 
or c r o ~ s 1 t 1 n ' n r 1 o u ~ •l1 r £' c t ion.._ ( d J c. cord n n l or t r 1 n J: r r ~" i \ t. 
lntruSlOil5} Corrr pond sngl} tlu' corrrl ~ t ion llt"t~ rt n llu 
fissured 1ntrus1ons nnd tltl" rnclot~.in~ rock. mn) nl 411 o beo 
dtUcrcnt rrnc\ Ur('l\ 1ntru4\i \ ~ bo(\ 1~11\ liTO C 1\lrd rrln.t 1\ ... 
a result or dcnut.lnt1on the di~cortlnnt ror"-"' rnrlo•1n~ a 'r1n 
mny diStnt£'grn te \\ h lie the rock~ r ornl inJ: I Ill' rt~~urrll 
1ntrus1ons rern ntn in t net nn() I or1n n '' n II llkl' on t 1£tt Th-r c 
form'lllons nrc c1llrd dyl ~s 

Sheet teln s nrc 1 nrge 1n t nr~t \ c l1otl u.-..5 tl1n t cnn br lrncr(l 
over b1g nrt'1.q nnd occur bet\\ l'~n ln}l'~ or ~nclo~ln):! rock~ 
con[ormabl) '' 1tl1 the In t ter 1 h~~l' \lin~ cnn be 45 50 Int'l rt s 
and over th1ck and 150 200 1--tlomrtr(''l lonJ:: cro q 'r1nq nre 
from one to tltrcc rnctrcs th ICh ~omrt llnt"q t I11Ckrr 

A study or tho beddIng or In trU~l \ (l botllrq nntl the In"~ 
go' crntng thc1r tl1str1 bu t1on 1n ~p1.Cl' 1s 1m porlnn t to t bt or) 
and praCtice because dcpo~1 t"t o[ mnn) \ n lunLic 1n1nrrals 
are related to them 

Effust\C Igneous .t\clt\ ltv or 'olrnnism 

Volcanic eru pt1ons nre among the most nt\ e 1nsp1r1ng and 
form1dablc phenom~na 1n noturo 

\Vhen "c speal,. of volcanoes '' o general I) s1y the} nrc 
act1ve or extinct but th1s dlVlSion 1s purcl)' con\ enttonnl 
There have been cas~s of 'olcanoes une'tpectcd1) becoming 
active after n dormant per1od of many centuries 10 tl1o cour~c 
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of wh1ch their s1des 
were covered Wtth 
forests and their crat 
ers became converted 
Into lakes In pract1ce 
only thoso volcanoes 
may be regarded as 
exttnct about whose 
acttv1ty no 1nforma 
t1on has been handed 
down to us Act1\ e 
volcanoes are cons1d 
ered those which 
conttnue to erupt or 
had erupted 1n the 
course of known hts 
tory In the world 
toda'l there are 476 

,. active and more than 
4 000 exttnct vole~ 
noes 

1\fount Vcsnv1us 
(Fig 88) wh1ch stands 
on the east s1de of 
the Bay of Naples 
was for a long t1me 
regarded as ext1nct 

1 

F1g 88 Erupt•on of I\lount Vesuv1us 

There were VIneyards and orchards on tts slopes In the year 
79 A D the volcano suddenly showed stgns of Intensive 
activity, eJecting enormous masses of lava and ash Several 
thousand people perished and the c1t1es of Pompe11 and Her­
culaneum s1tuated at 1ts foot were destroyed and buried tn 
ash The volcano has been act1ve C\ er stnce With fa1rl) long 
periods (of more than a century) cf repose bet-v..een erupttons 
There has been a marked ltven1ng up of tls act1v1ty tn 
tbe past 100 150 years It Jast erupted vJolently 1n j944 

Another example IS ~lount Pelee on North ftiartinlque 
Island, "h1ch bad ltkew1se been for n long time reg~rded 
as extinct It erupted 1n 1g02 destroying the clt) of St 
P1erre and lilltng tts entire population of 29 000 w1th a 
hurricane of hot gases 
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\'olcnnor11, continur In n pJlr1r In I hi~ dn) For rtnmplr 
~ 1 011 n l 11 n r I c ul in \\ Ill c h \\ , ~ n c t I \ r r 0 r n lr n (l.._ t li ' r ) ' , r~ 
npp£t1rtd 1n 'telJCO nn I ftl,runr) :!0 l'l•1 

\"olcnnol ~ rict( nn lnnd nnd nn lhr nonr or or~an~ J\1111 

n r u I£' r n o r r n o u q rn n ~ f' ~ n r n1 n t ' r 1 n I n r..- r j t c 1 r (I for n1 i n J! 
l1 U ~ e "= U h n1 n rIll C 0 r IIi\ U r r n C (' c.t MJ C l tl rl' ._ 

I or Plnmplt thr 1\Uhrnnrtnl Rill) ~urrnrt portion or &It~ 
I I'\\\ Rllnn l) pC' or \ olrnno ~~ nhou l " ()(l() Jnrltl -c J\n Jrl r:a 
u f h 0\\ r '1. ~ t \ 0 I c '1111 c I' r 0 t I u c t II. nrc urn til , I r 1111 ~ I \ (' n h) I h (' 
ern pt 1on of the I n) nl u brnnr1 nt 'ul rnnu in I hr ,~\torr,. 
1\l orth ,\ t Inn t 1c '' JJrrr 1n J flJ7 a 11£'\\ \ olc1n 1c l~lrt a ('p~arrd 
n ~ 1. r t h ~ Is I, n d or I n l n I 1 n I h r t l cJ n } ~ I t f.. r r \\ ' I rt u n II) 
ht fore the ~} L s o£ t h£' r,;Ult n l\ ho '' n tch1 d I hf' f'ftiJll lon 
1 t ~ nrl'1 1ncrt ,_cqn.,:: L) 100 ~qu 1rr rnr trrq 1 \ rr) f ~ l1ourc 

E.xtertzat ApfJCtzrtznce of l'olcanoes l1~unll) 'olen nor~ 
1rc more or lec.s tall (up to £'\ t r1l ~llnnlrtrc~) conical n1ount 
"\Ins On t l1c su rntn 1 t thrro 1s n II olio\\ -n bo\\ I or ern It r­
througll \\lt1ch the \olcnuo l'rupl" (I IJ! SG) ,\ cnnnl cnllrd 
a 'en t funnel through v- h 1cll tht- cru plPll m 1 t(\rtnl Jot~~ l'"Jt'"C l~d 
run~ do,,n Into tht. \Oicnno (ront lhl floor or thr crnl~r One 
of the \\ orltl q I ~r,::rst \ olc1.no~s 1\lnunt :h. I) uchr' kn} n 111 
h.nmch1t:k~ (1 850 n1clrlq) Jq n cunr ~founts \ r~u\IUtq 
FUJI) nma 1n J npa11 1\lount l\.1ho an 1\frJc'l nnd otltrrs nre 
l1~c" tsc cones 

The cratcrc, of many nnCJL n t \ole ~noes hn\ l' one or '=C\ ern I 
acll\C volc.,nocs These cr1trrs cnlled cnlt.lrr.ns l1n\o n 
dtametcr of .;.t.' (Jral tens of kllontctrr's 

Eruption Tl1c force of 1nd1\ 1dunl erupt1ons IS not nln 1.) s 
the same and nltcrnnt1ons of p~r1ods or lt1gll and lo'' nell\ 1ly 
may he obc:=.ervcd In c1cl1 'olcn.no TJ1c net 1\ 1 t l of n \ olc1.no 
sometimes gra.duall) 1ncrc1.~cs nnd then slo\\l} [1.drs \\l11le: 
In other cases a "tolent n11d sutldln otttburst tnl..rs plncc 
As we hnve already pointed out "bolo ccnturt£1's .sometimes 
pnss bet\vccn separate outbursts of 'olc1nlc nell\ Ill 

After a ' 1 o 1 en t L ru pt1 on ~orne ' olean O{'S com c al mo~ t 
completely to rest and bare I~ smolo at .short sntcr' 1ls 
others smoke uninterruptedly and from IJmo to tJmC 
throw out stonec; and ash and stJII others pcrJodicnlly l'Jr-Ct 
a qutet flow of lava and tn the Intervals bct\\ccn dtsch~rgcs 
the1r crater~ arc filled With molten continuously mov1ng 
lava 
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Products of Eruption There nrc sol•d ltqu1d and gase­
ous products ot eru pt1on 'fhc solid prod u ets 1n cl ude vol ean1c 
ash sand lapillt and bombs These products arc, as a rule 
eJected 1n the 101ttal period of eruption Volcantc ash con­
Sists of t1ny part1clcs of a mineral mass formed through 
the crushtng of the rocks of wh1ch tho vent funnel walls 
constst and also through the dtspcrsal of lava The SIZe of 
these part1cles ranges from a fraction of a mtlltmetre to 
se' eral mtllimetres Particles thnt arc of the stze of sand 
gra1ns are called tolcanlC sand B1gger parttclcs from one 
to several cent1mettes arc called lapill1 (small stones) 
The folio" Ing facts show how much ash can be thrown out 
by a volcano \Vhcn hlount h.atma1 In Alaska erupted 1n 
1912 a layer of ash more than four metres th1ck covered 
the tmmedtnte vlctnity wh1le on the leeward stde th1s 
layer '\\as ten centimetres thick over a distance of nearly 
100 k1lometrcs About 20 cubic ktlometrcs of soltd mater1al 
~as eJeCted by the cxplos1on For 60 hours the enttre Iocaltty 
\\ as enveloped In darkness R atn from volean1c clouds 
pouted contlnuously for 25 hours 

Somcttmcs the ash ts so fine that a gas exp1oc:Ion l•fts 
1t to 1n alt1tude of more than ten kilometres where 1t IS 

ptcked up by a1r currents and carried for a long ttme rn 
the IO\\er layers of the stratosphere In f883 for example 
thero "as a tremendous crupt1on of 1\lount Kra~atau In 
the centre of the Sunda Stra1t Th1s eruption threv., out 
such a colossal quanttty of ash that 1t floated 10 the strat 
ospbcrc for more than a year caus1ng strange sunrise and 
sunset condttlons 

If ra1n falls "h1le ash IS be1ng eJeCted liquid mud will 
rush dov.n the slopes of the volcano causing enoriiious 
destruction 1n the surrounding countrystde 

E\ en b1g p1eces of soltd lava may be eJected by a volcano 
dur-tng '1olcnt emJssions ol gas Thrown Into the a1r to a 
height of many hundreds of metres these p1eccs arc g1ven 
a sp1ndle l1ke shape by the1.r own rotation They retain 
th1s -=hape 1f thel Ita'\ e hnd time to chtll before fall tog on 
the ground 1f not the Impact flattens them out \Vbole 
c;;.e-ctsons ~c•ghlng many t~ns of tons arc somctsmes torn orr 
the rocks around the crater of a volcano Tossed hundreds 
of metres zn to the atr they drop on the slopes of the, olcttno 
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These pteces of lava and rock from e1ght to ten centime 
tres to several metres 1n Size are called tolcan~c bombs 
(F1g 90) 

Gases ash laptllt and borubs are frequently eJected 
untforntly but 10 some cases these eJections take the form 
of giant explosions that blow up the crater throwing the 
whole cone of the volcano 1nto the atr and leav1ng a deep 
hollow 1n tts place 

F1g 90 Volcan1c bombs 

The ash and sand ratn1ng do"'n on the slopes at first are 
a loose mass, wh1eh gradually becomes compact under 
1ts own weight and the actton of water untxl 1t sol1dtfies 
tnto rock called volcanic tuf[ The volcan1c ash and sand 
falltng on the surface of lakes and seas s1nk to the bottom, 
where thoy ctre bur1ed by s1lt and sand The resultant rock 
of volcan1c and sedimentary or1g1n 1s called tuffite 

Volcantc Gases The most Important of these are water 
vapours whtch often const1tute a substantial part of the 
gaseous emtc;s1ons The other ga"cs Jnclude h) drogen chlo­
rine sulphur n1trogen carbon oxygen somet1mes carbon 
dtoxldo and methane and 10 many cases hydrogen chlortdo 
hydrogen sulphide sulphur dtox1de ammonta ammon1um 
chlor1dc and ammonium carbonate 
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Gases Issue not only from the ctater itscl1 but also from 
rents on the slopes of tho volcano and at Its foot These 
smoh.1ng rents are called fumaroles The ga~es are liberated 
ns dense " a pours or smoke Tho chem1 cal com pos1 t1 on of 
fumaroles depends largely on the temperature 'vhtch ts 
very h1gh at the begtnntng of an eruptton espcctally around 
the crater and then falls at the end and after the erupt1on 
At the beg1nn1ng of an eruption fumaroles consist ch1efly 
of halogens (Cl F) and when the temperature drops to 
100 180 C sulphur dlo-,:Idc begins to predomtnntc In them 
Fumaroles 1n whtch sulphur d1ox1de predominates are called 
solfatara The next stage (1n some volcanoes) 1s one 10 which 
boron (soffion1) predominates and 1n the last stage of 1ts 
acttv1ty (moiTctte stage) a volcano liberates carbon dioxide 

l'olcanrc Lata La\ a IS the molten mass eJected by 'ol 
canoes The diiTerencc bet,\cen lava and magma 1s that 1t 
degasses as 1t Issues from a crater Its te:mperaturc JS usually 
1 ooo 1 2oocc 

The chem1cal composttton and pb)Stcal propert1cs of 
Ia' a 'nr) In some cases there arc large quant1t1as of stltcon 
ox1dc (ac1d lava) Th1s lava 1s very viscous and forms 
blocks of molten material Lava contatntng a smaller quant 
1ty of silica Is more flu1d (bas1c lava) fhc most mob1le 
are ultra bas1e lavas 

The lava that was eJeCted by :r-lount Pclee 1s nn example 
0 r act d VISCOUS la v n It '\\ as so dense th n t 1 t formed a hind 
of to'\\cr over the crater Th1s to\\cr v..as nearly 300 metres 
htgh but 1t cracked and disintegrated as 1t cooled 

The la' a of the volcanoes on the lla\vattan Islands Is 
qutte dtiTerent In compos1t1on and tts properties ore different 
too It 1s of the basaltic t} pe ~hich 1s r1ch 1n [errug•nous 
and magncs•al compounds and poor 1n Slltca It 1s so fluid 
nnd mobtle that It forms streams fiow1ng down the slopes 
of 'otcano~s and ~here there arc benches 1t rushes dol\D 
l1kc a \\atcrfall to form a lava cascade (F1g 91) 

Ac: 1 d I a"' as \\ h1ch are J1gh tll ( ptnk grey) co 1 oured are 
rclnt L \ely l1gh t VIscous r1ch 1n gases and cool ~10'' l) 
lla.s1e !a'\ n5 are dark (datk gre) green black) flutd and 
£ustblc and hD.'\C a low gas Content 

t\ll produc:ls eJ~ctcd b) volcanoes take part 10 formtng 
the Earth s crust They account for 51 52 per cent of the 
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rocks eJected to tbe surface The d1vers1ty of the e]ected 
rocks 1S due not to an) d1vers1ty of the Initial magma 
material, as was formerly thought, but to dtfierencts tn 
the common magma s ',pacific \Velght temperature the 
crystall1satton of the var1ous components In 1t and so on 

~lost authors agree that common magma has a basalttc 
type of compos1t1on 

F1g 91 A la' a cascade 1n HaW"lll 

At a gtven erupt1on the n11neral composition of lava 1s 
the same as that of 1 ts solid products (' oleante ash la ptlll 
and bombs) 

The quant1ty of products e]eCted by a volcano dtffers "1th 
every eru pt1on Volcano 1 og1sts cons1d er tb at SID.Ct the yc ar 
1500 to our day tho Earth s volcanoes have eJected not ll~s 
than 300 cubic kilometres of loose products and 50 cubtc 
kilometres of lava 

The structurP of a '\ olcan1c cone depends on the nature 
of the p1oducts eJected b) the volcano A volcano that 
C]ects pr1n~1pally lava ~ tll have vcr) gentle slope~ even 
1f It IS a very tall mountatn 

A volcano that bu1lds 1ts cone oi eoo1ed st-reams ot lava 
nod Ia} crs of t11fi has steep stdcs (the angle somettmes he1ng 
as h•gh as 35-40°) 

A [caturc of some volcanoes 1s that they erupt nnt cnly 
through thc1r craters hut ~lso through fis~ures JD tho slopes 
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and at the foot These small craters arc called paras1tte 
'olcanocs and arc to be seen on ~lount Etna and other 
'olcanocs 

Classlficatzon of Volcanoes By the character of thc1r 
actl\ lt) 'olcanoes are classified as follo'\\S 

1 llauallan Type Th1s type occurs on the Ha\\attan 
Islands (l\launa Loa h..1lauea and others) The) arc charac 
tcr 1sed by mob 1le 1 a' a of bas1c (basalt 1 e) coil\ p os1 t1 on and 
a qu1ct emission of gases and vapours hardly any solid 
products are eJeCted The lava filling the craters IS In con· 
t1nnous motion and bo1ls slowly all the t1me It somettmes 
spurts out In fountains that rtse for a few mtnutcs to a 
hctght of several tens of metres and then dtsappcar After 
the crater 1s filled to the brtm Ia' a flo\\ s do,vn the s1des 
of the "olcano The s1ze of the ]a, a streallls wh1ch are 
sometimes huge and stretch for scores of kilometres depends 
on lto\\ much lava Issues 1nto the crater from the depths 
of tho Earth These volcanoes have gently slop1ng s1des 

2 S tromboltan Type Th1s type •s represented by tl1c 
volcano Stromboli 1n the J\.ledlterrancan It like\\ 1se 
~Jects basaltiC fiu1d la' a but 1n contrast to the I-la"at1an 
\ olcanocs 1t ltberates large quantitieS of gases and casts up 
bombs and ash The bombs are frequently twisted and the 
lav1. as In the case of the Hawa11an volcanoes has a wavy 
surface 

3 i esuz.tan Type The lava from these volcanoes con 
ta1ns a some\\}tat greater quanttty of silica 1t IS more 
vt~cous and frequently corks up the crater vent \VIth the 
result that gases and vapours accumulate deep tn the ground 
Tilts 1s often tbe cause of underground tremors before an 
cruptaon and then of a pol\ erful explosion that throws a 
great mass of ash lapllll and bombs tnto the a1r Dccause 
the Ia\ n 1s VI co us the bombs are not twtstcd and "hen 
ll1cy fall on the ground they flatten out toto pancakes 
The streams of lava do not spread far and "hen they cool 
the; form shapeless boulders Th1s type 1ncludcs the vo1 
c:a.no(_)s 1n 1\..amcbatla ~lount Etna 1n SJcsly Vcsuv1us ID 

ltn1} and ~lount. 'ulcano on the southernmost or the 
L1par1 Island§ tn the 1\lcdllerrancan 

'a Pe!Lan Type Thts lj pe of 'olcano ejects v 1scous 
Ia\ a. \\ b1ch hard~n~ 1n the ., olcano , cnt block1ng the 
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passage for gases and vapour~ That e"\pl,Ins \vhy eruptions 
are accomp'lnled by 'talent underground tremors and by 
explostons that cast up an enormous quantlt) of vapours 
gases ash, lap1llt and bombs These volcanoes release '\ery 
hot gases (700°C and over} For that rPason the clouds 
of gas and ash comtng down the ~lopes \\ 1th the velocity 
of an atmospheric c~ clone (scorchtng clouds) destroy ever} 
lhtng 1n thetr path Such clouds destro}ed the town of 

-- --

l 1g 92 Section ot a maar 

Sa1nt P1erre on ~1art1n1que Island when 1\lount Pelee 
erupted 

5 Banda, Type Eruptions of these volcanoes are accom­
panied by c:.evere tremors and explosions and the casting 
up of hug(A quant1t1es of gases and ash A v1olent exploston 
sometimes blows off an enttre volcano as \Vas the case W1tn 
Banda1 h.rakatau hatma1 and other volcanoes There may 
hl no lava dur1ng an eruption, the reason being evtdently 
that the magma feeding tho volcano has a very h1gh acid 
content and 1s consequently extremely VISCous 

6 Volcanlc Ptpes (Dlatremes) These volcanoes form as 
a result of a stnglc VIolent emt~s1on of gases wtthout the 
ap11earance ot lava They constc;t oi an oval vent, whose 
mouth or crater Js a cup shaped hollow With gently sloping 
Sides and "tth a d1am~ter rang1ng from several tens of 
metres to three or four kilometres Thl floor ot the crater 
1s belo\V the Earth s surface The craters of some of these 
volcanoes arc surrounded by a l'ampart of eJected volcanic 
tui[ fragments Some craters are occupt~d by lakes {maars) 
(F1~ 92) but 1n most cases they have been c.om)!letely 
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d cs tro') ed by exogcn tc proces~es and the vents (explosion 
p t pes) reach the surf ace V o I canoes of this t) pe occur lil 
Germany (there aro nearl) 130 10 Eifel), Afrtca (the dta 
mond hcarJng ptpcs Jn the h..Imberlc} 1\lountatns) the 
Sovtct Un1on (.1\.tmbcrlel type ptpes lD Yakut1a) 1\lt..xtco 
and other areas 

F1ssure Volcanoes The volcanoes dcscr1bed abo1-e bavt. 
a definite fccdtng centre and are therefore called central 
volcanoes In contrast to them there are fissure volcanoes 
\Vhicb eJect gases and Ia\ a not througl1 a central crater but 
through tl.CtOOlC rLssures In somo places ftssures maj 
appear as volcanic psles fed from a common magmatie 
chamber The 'olcanacs 10 Iceland arc typ1c3.l examples 
Some of the fissures are 40 ktlometrcs long and eJect huge 
mnsses o! lava wh1ch covers large areas on c1tbcr s1de 
Frequent!} along fissures there are ro'\\'s of volcanic p1lcs 

l\lan) fissure volcanoes arc not conical and the lava 
spreads on the surface Thcc;:c lava sl1cets d1ffer fr-om the 
Ia" a streams of central volcanoes Tlte latter are rarely 
'' tdcr than a ktlometro at the base of the volcnno or th1ckcr 
than 100 metres tl1cy are 15-20 kilometres long and some~ 
times longer In contrast tho Java sheets frcqucntl) occupy 
enormous areas The sheets of some anetcnt volcanoes cover 
nrcas of tens and l1undreds of thousands of square h.I1omc 
trcs (tn Arntcn1a the Deccan Plateau tn lndJa 10 South 
1\merica and cl~c'nhcre) 

At prcscn t c l11C CI y ccn tral ' olcanoe~ occur FisSure and 
areal rrupt1ons predominated 1n dJstant geologtcal epochs 
\\ltcn tho Earth s crust "as th1nner 

La.\ a pourtng out to the surface forms str~..ams slJccts 
nnd domes It hardens 1nto n cru~t uh1ch 1.s n. poor con 
tluctor of heat '\\ 1lf1 the result that Java contJDUCS to flow 
under tl11s crust for man1 da}S a[l£!r no eruption Thnt lS 

"h) tl1cre arc o o1any hollov..s tn Jn, a streams and ~heels 
Some of th~m arc \ er1 b•g On the .slopes of 1\lount Sl1asta 
C3lllomta for c:z:ample tltcrc ts a hollow v. h1ch IS 20 25 
metres h1gh G-20 metres v. 1dc nnd more than 1 5 k1Jomctrcs 
lonJ: The tbu:l..nC" q of tl1e roor vartcs from 3 to 20 mctre:g 

In tl1~ L S b ll lf1erc nrc bollo\\S Jn )a\ a sl1ccts around 
Lal~ Se\ an 1n .. \rmrn1a Dr) llollo\\s nrc often used as en 
clo urcs for I 1\ estocl. 



Ftssurcs and faults 'vh1ch brenk the rock complex Into 
more or le~s regular J01nt1ngs, form on the surf nco of In" a as 
a result of as)nchronous harden1ng Columnar and prismatic 
JOlUtlngs nrc a feature of ba~1c rocks, and hummock and 
othtJr JOintlngs ol ac1d rocks 

Dlst rlbutlon of Volcanoes Volcanoes arc unc,cnly 
dtstrtbuted on thL :C.arth 's surface Some conttnents Austra­
lia, for example) have no volcanoes at all In Europe 1f 
Stelly nnd tho 1slnnds ndJolntng 1t nrc not taken Into con .... 
s1dcrat1on, tl1crc 1s only one volc1no \ csuvius v..h1ch 
"Stnnds 1n tbn Ap~nntnes Afr1ca has qutto a fc,v In As1n \bey 
nrc concentrated 1n 1\.l}.mcbntla A group of apparently 
cxt1nct volcanoes 1s knov.n 1n l\1nnchurla In tl1c Caucasus 
~iounts :Clbrus nnd Ararat \\ere act1vo at a comparattvely 
rccen t d n to Two b 1 g volcanoes l1 ~ vo been d 1sco\ ercd 1n 
the Antnrctlt The largest number of lno\vn volcanoes 1s on 
tho Pactfic seaboard of Amcr1cn 

The prtnt1pal volcante rcg1on 1s 1n tho Pnct11c tslands 
ndJolntng tl1o Astan cont1ncnt tho Aleutian Islands tlte 
h.t1r1l Islands J n pan tl1e Sunda Islands tl1c Plttl1pp1ncs 
No" Gu1ncn. and otl1crs Some of the 'olcnnocs on these 
1slnnds 1.rc huge structures charactcr1'3cd by JntcnSlVC ncttv­
ll} In the Atlantic Oe~an there nrc volcanoes 1n Icel'l.nd 
on the Cape ,.,crde Isl1nds, tho Cnnnry lslnnds nnd ll1c 
L< '-Q,cr Anttllcs 

The mnin rrgtons "l1erc volcano~s occur nrL tl1us tl1c Paci( 
ic 'olcantc r1ng tl1c '1cdl trrrancan l1.t1tud 1nnl l1[tl t. tl1€! 
ea.st~rn mnrg1n o( tho 1\llantlc nnd t1lP East .,\frtcnn tner1d 
1onnl l1clt 

Gco\og1cn\ dntn s\10'\\S \hn.\. n\l 'olcnno~s nrc r~\ntrd to 
ntc1.! of comparntl\t']) recent t~ctonl~ fn.ultq lh tllO! rnrtll s 
cru~tl Tl1r~c faults u~uall) lie nlon~ t!1e const of ocran! and 
~,~ Lul 1nnny oce11r cleep 1nl1.nd nq \\ rll 

l'oltanoes In the U S ~ R Th~ So, lf:\l Un1on l1nq, ~ttl\ c 
\ olc:a.nocs tn h.amcl1.,_ t"-o. nnd on the h tlrJI I '~l-tndq Tllft~€! 
bt!long to tllc ractnc rtng 

T11l' 'olcnno~s in h. nmcl11.tl "l ~ere flr-t d~-:cr•b~d 1>) 
S h ra ... hrnlnnilo\ • \\ ho ga' e a I;:C'ncr1.l ldt"., o( th~ , o1cnntc 
nAlllff' of tl111 pcnin~tlla f ttrl) in thr t \\en t trt h Cl'nt Ur), 
ti1P h n.mchn.\L.a "oleanOM Wtrr In' ~l1_1!at~d hl h. (lo_gda· 



no' tch S l\.onradi nnll \' homnro\ 1nd Jn recent ) ('Drs 
by A Za\ ~r1tsky 

The 1\.amchntk.a volc1noe~ nrc nrrang~d 111 three rnorc or 
less parallel ro,,s stretching along tho pcnsusuln p1r1llel 
'" 1th 1ts tltrcc mountain ranges Altogether lhLrc 1.rc 1b0 
kno\\ n volC'lllOlS Ill lito pcntn~uln 0[ tfl('SC 2.2 ~rc 1Cll\ C 

and 158 ha\ c silo\\ n no s1gns o[ act I\ ll) ~s loug as man C'\n 
remember All are 1n the soutl1crn half of 1\.nDlClintkn 
tl1c active ones be1ng concentrated 10 the eastern p1rt 
the northern part o[ the peninsula 1s C\td(Jnlly, dc\Oid 
of volcanoes 

1-tloun t h. I yuche' sh. a ya ( 4 850 m c trcs) IS tl1c b 1ggcs t of 
tl1c l\. amch atka vole anoos It 1s tl1 o tlltrd h 1 gl1cst v ol con 1 c 
cone In the '"or ld aft cr l\1 oun t h.tll manJ a ro ( lJ 110 m ct res) 
1n Afr1ca and ~lount Cotopaxi (5 960 metres) 1n the South 
American An des h. I} uche' sk a) a cru pts ' cry frcq u en tl) 
~omettmcs these are short e'tplosions, but tl1crc ha'\ o been 
pcr1ods \Vhen the 'olea no ''as continuollsl~ act1" o for 
three ) ears consec u t1 vc ll h.. I j uchcv ska) a s I as t m OJ or 
cruptton took place In 195G (Fig 93) 

Next to h..l) uchevska} n there arc the 1 argo ~~ oun t U th 10 

skaya (3 352 metres) and the some"hat stnaller ~lount 
Krcstovaya These three form a stogie volcanic group 

South of tl115 group IS the act1 \ o flat 1\lottn t Tolbach1k 
and on the ~l1ore of l\.rono'\ a~ a Dal' stand ltlount h..ronot 
ska} a (3 033 metres) Great and L1ttlc Semyncliib.t 1-.Iount 
Zhupanova (2 580 motrcs) l\lount A' aclltnska~a (2 547 me 
trcs} and l\lount h.oryatskaya (or &trelosl1n~ya) On tlto 
southernmost t 1 p of h.. a mcha tka arc mounts V 1l uch 1nskal a 
Opalnaya Galtg1na and i av1na 

Near h.lyuchevsk.a}a there ts a volcanologtcal station 
that keeps 1t and other l\.amchu.tka volcanoes under obscr 
vat 10n ~lore 1nformat 1on 1s a v a 1lable about l\.l) uchcv­
ska) a than any other Kamchatka volcano 1 t has been 
learned that there have been about 20 maJor erupt1ons 
1 n the past 200 l ears The \ olcano 1s actt, e all the t1 m c 
rclcas1ng a small quantity of gas and a~h dur•ng periods 
of relat1vc calm ~rom t1me to t1me 1t albO eJects some 
ltqu1d Ia\ a which 1s add1ng to the hc1ght of tl1o 
cone On Jtc; peak the volcano v. ears a cap of eternal 
ltC 
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During per1ods of tntcnSl\ e activity l\.lyuche\ skaj a some 
times di~gorges as muclt as four and a half cubic k1lometrcs 
-of I a' a Com pared " 1 th the volttme of the \ olcano 1 t~elf 
(3 400 cubic ktl orne tres), th 1s qu ~ n tt t y sho" s tl1a t ah out 
700 maJor eruptJons 'l\erc requJred to form l\.1yuche\s1.aJ 1. s 
preqent Lone Available data Indtcato that the volcano 

F1g Q3 Erupt 10n of ~toun t Klyuche' sh.al a 

e1ects large quant1 t1es of lava once e'\ ery seven or etght 
years On the basts of th1s data It ma) be ~urrut~ed that 
h.lyuchevskaya appeared about 5 000 years ago (prov1d1ng 
the character of tts acttvtt) has remained unchanged 1n 
th1s span of t1me) 

Afud Volcanoes 1\Iud volcanoes or mud cones are pseudo 
volcanoes of exogenous orlgzn Outv. ardlJ- the} are sma11 
coptes of volcanoes and are \Vldf:ispread In o1lfields There 
are mud volcanoes for example 1n the Taman and h.erch 
pen1nsulas 1n l'-ahr1stan (AzerbaiJan} and also •n Ruma.nta 
Chtnn Italy and other countries 
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They occur over faults In tho u ppcr la) ~rs o( tl1c I:arth 's 
crust and nrc con1.cal cl~vat1ons \\ 1tl1 ~crater on the summtt 
l\lud and petroleum gns often ~elf Jgn1t1ng nrc eJected pe 
rlodlcall} througl1 the vent Tl1c SIZe V1rtcs from a fc'n 
centimetres to hundreds of metres The cones of mud vol· 
canoes consist of rock fragments cemented together by 
eJected clay 

Thts cla} IS mixed \\ 1th \Vater contatntng salts of sod1um 
chlorate sodtum sulphate boron 1odJnc and bromtne 
Fa1rl) hot 1t fiows pcaccfull) out of the crater, but from 
t1mo to time the volcano eJects n large qu ... nt1ty of lt1ghly 
1nflammable h} drocarhon gas A column of flame some 
times shoots scores of metres 1nto tho a1r 

Sal se s rcsembl c mud ' oi canoes 1 n size and a p pe arancc 
Tltoy occur around actt\e and recently cxttnct volcanoes 
1 c they arc assoc1atcd w•th post volcaniC acti\tty Dur 
1ng an eruption they CJeCt water vapours mud (a m1xture 
of clay and ash) h}drogen sulph1de and sulphur ox1dc 
There are salses tn Stell)' I ava and other areas 

Ge}sers and thermal and thermo mineral spr1ngs arc 
1.lso a~soc1atcd with post volcanic act1v1ty 

'10\ E'IEI\~ OF THE I; \RTII S CRUST 

The Earth s crust ts 1n constant motion through the act1on 
of Internal forces Th1s 1s manifested 10 hugo down,varps 
and uplifts the compress1on of layers toto folds and the 
rup\urtng oi tock strata -

These movements are due to what arc called tcctontc 
forces wl1o~c aet1v1ty Introduces essential changes 1nto 
the structure of the Earth s crust Tho act1vtty of tl1e 
Earth s Internal forces mantfests Itself most strikingly 
through earthquakes-crustal movements that can be directly 
observed and studied 

Earthquakes 

Earthquakes are natural calamJlies They devastate b1g 
orcas talc a large toll of human lives and destroy v,bo1e 
lo\vus II oWe\ cr the yearly number of destruct•' c earth 
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quakes rarely exceeds ten although tho Earth s crust an 
nually exper1ences several hundrEd thousand shocks and 
"eems to he continuously pulsat1ng ~tost of thebe shocks 
are 'ery weak and can only be registered hl Instruments 
called setsmograpbc; The science of earthquakes 1s called 
seismology 

Or1gtn of Earthquakes Earthquakes art d1v1ded Into 
three groups dellending on the causes that produced them 

1 Fall earthquakes caused by large rock falls down 
the Sides of mountains or the collapse of tho roof'l of caves 
They have an lnstgntficant rad1us of actton 

2 Volcan1e earthquakes-· caused by the act1\ 1ty of 'ol­
canoes In many cases these earthquakes precedo volcanic 
erupttonc; but most frequently they accompany them 
V olcan1c earth quakes are felt o' er an 1ncom parahly larger 
area than earthquakes of the fir~t group 

3 Tectonic carthqucikes··-accompan) mountatn making 
processe~ They are the most "\\ 1despread type of earthquake 

Fall Earthquakes These larthguakes may be described 
as psc.udo q,c1smte phenomena 

Vo lean lC Earthquakes In reg1ons " 1 th act1 vc vole .-.noes 
l\.amchatla for example VIolent shocks frequently precede 
or accompany the erupt1on of volcanoes Severe earthquake~ 
accom'Pa.n1ed th~ eYuptlons of 11auna Loa and l\..1lauea on 
the Hawa11an Islands A catastrophic earthquake accompa­
nied the eruption of h..rakatau In the Sunda Stratt The 
explosion and shoc1. gave r1se to an enormous t1dal wave 
Wlitch swept the cnt1re population ofi the low ly1ng tC)lands 
1n the region of the \ olcano and wrought great destruction 
1n Sumatra Java and other ne•ghbourtng 1slands 

Tectonrc Earthquakes These earthquakf's occur ch1efly 
ln the ~1al1c shell, at depthc; of up to 70 ktlometres Earth­
quakes have also been regtstered at greater depths 800 k1l 
ometres tn the Sea of Okhots1. 

Eat\hquakes caused by tccton1c fotces a:re concentrated 
1n two regtons one IS 1n the belt of mounta.1n ranges tncirc­
llng the Pact fie Ocean and embraces the adJOIDlng 1slands 
nnd pen1nsulas the other strfi'tches eastward from the 
Gulf of Jrtfe"tJCO embraces the 1\fed1terranean seaboard and 
links up w1th the Pac1fic earthquake belt vta the Cnucas1an 
.and Central AsJan mountaJn .S).sfems Ot.her se2smJc areas 
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tncludc tho l\l1d Atlantic Range and the rcg1on of the 
great lakes 1n East Africa Earthqua~cs thtlS occur 1n reg1ons 
of recent orogeny (Alpine fold1ng) and In 'ldJotntng rcg1ons 
of old orogeny that arc undcrgo1ng modern (AlptnQ) folding 
1 e are 1n a stage In \\hlcll the geological structure 1s 
changing Earthquales aro much more vzolcnt Jn the Jattcr 

F1g <)"".t Cracks formed by an cartbqua'ho 

regions becauli\e of the faulted structure I\lo' 1ng at 'ar1ous 
speeds 1n different directions tlte~e faults open tltc ancient 
faults that l1ad been closed by Igneous actl\ 1tJ and cause 
new faults to appear Thts act1' 1t~ 1s accompan1cd by 
severe earthquakes such as tho 11 12 po1nt earthquake 1n 
the Gobt Alta• ar~a 1n 1957 For Its mrcrocffect 1t was the 
most 'IOILnt earthquake 1n h1stor} Repercussions of the 
ea rthq u ak es ln th esc rcgtons arc fe It 0 " er cnorm ous dIS tn n 
ces In 19 JO for c"<nmplc the shocks cau~ed by on earth 
qualc 1n the Carpathians v. ere felt 1n 1\losco\\ l\.harko' 
\ oron ezh h.Je\ L" O\ and other c 1 t 1 cs bet \Vccn 1t t oscow 
and the Carpath1an }.fountains The~c flatland earthquakes 
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are rare phenomena and never cause any not1ccable destruc 
t1on or casualties 

Earthquakes are much stronger 1n mountain and pied­
mont rcgtons regarded as young folded structures Severe 
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1nelude the 1\l1d Atl1.nt1c Range and the region of the 
great lakes 1n East Africa Earthquakes thus occur 10 reg1ons 

of recent orogeny (Alp1ne foldtng) and 1n adJoining rcg1ons 
o£ old orogen"} that art.. undergoing modern (Alpine) folding 
1 e are 1n a stage In ''h1ch the geologrcal structure IS 

chang1ng Earthquakes are much more VIolent In tho latter 

fag I)\ Cr.lcls r ormt'"d by Dn cart b I'}Ult ko 

f€'{!lons br-cau l of thr- faul tl'<l stn1cturc ~lo\ 1ng at V1r1ou~ 
._ p-c-!'d!. In d 1 f!t rent tl1 rcc ltonq tJ1£t..;C fault~ open th~ nnc1cn t 
faull!t that l1atl h£'£'10 cln ctl b) Jf!ncouq actl\lt)' and cau e 

nev. fault1 to appPar Tl11" act I\ It) 1s accornp1ntcd b) 
t. vrrt ra rt hqua L.~~ ur l1 a~ th~ 1 t 12 Jloan t c1.rt hqun kc In 

the Goh i \I ta.1 a t£'3 10 f U'-'7 for 1 t~ m 1eroefTr ct i L \Vll3 the: 
mo t 'I llrn t ra rtb'l ualr 1 n lta~tor) lte p<'rcu ~long n[ tf1c 

•.1rtfH1ua 'L ~~ in tlu r r~~1on~ orl flll O\ Pr cnormou-q d s-,tnn 
eM In I J aO for r :urn plt th~ hods cotu ('d by ttn {"'lrth 
qu.t~t-' 1n tiJP L..1rJ 3lhlan' '\\('r(_ r, It In \In COli. hharlo\ 
\ e;r n~tb h.i~v 1 \o\ an I otbrr rata£~ !J('Il\\~en 'Jo co\\ 

a::td th~ L.:.rrlthbn 'f mntatn• Th( c flathnd cartbrtual.c1 



1s traced on th1s cyl1ndLr when there ire no earthquakes 
and the ground does not v1brate But when there 1s a trem 
or the pend ul urn remain~ at re!7 t thanks to the v, e1gh t 
but the C) l1ndcr starts revolv1ng!and the po1nt of the pen-
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--------_______ .. ______ .__,.of..----
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------------+--·----
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--------------- _.._. __ _ ---------------.......-___ ...___..._ ---
____,_ _____ . ·= ------------.---

F1g OG A Golttsyn SclSmograpb:ond a seiSmogram produced by lL 

dulum tr1.ces a wavy ltnc on 1t Tho stzo of the waves of 
tl11s l1no depends on tho force of tho tremors Tl1e resultant 
tccord 1s called n sclc;mogram A '\ertlcal pendulum 1s used 
for rccortll ng hor1zon tal vi brat 1ons V crl•cn 1 v 1 bta. t 1 ons 
ore recorded "1th n l1ort:Eontal pendulum Tl1c trua d1rcc 
tton of v1brat1ons 1s detcrm1ncd W1llt both pcndu.lums \\orl­
tn~ ~trnult1ncously 

Tl1c Gol1ls}"fl -=.ca~mo~rnph 1s an 1m pro\ cmcnt over all 
cx1"t in.J! 1nstru1nC'n ts o[ tlc; Llnll It IS used by c~lc;molog1eal 
~tntlons 10 the Sovteol Union and ahto3d (F1g 9G) 
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enrthqunhcs occur ror lXninplr 111 the 1trn Shnn nnd 
Pamtr mountain~ Thr Cll} or AIU11 ,\1~ \\ 1~ ~1l1lrn b} 
vtolen t cartliqnn~('"\ In 18b2 tlllfl 1 n 1 f Tho 1nt t~r c-.-.rlllqunle 
(January 4) occurred 111 tho l'\eb1n Ill\ cr 'nll£') comt'\\ l11t 
to the ~outl1 o£ 1\lm n At 1 It \\ n~ c~C(lpt 1ono II) "~' rrc both 
as regards tts force 1nd orr1. or propn~1t1on The t1ndrr 
ground shocks from tl11~ ~1rthqu1kc '\£'rc f.:lt In nn nrcn 
of more tl1on o tnlllton ~quare l...tlornctrecz, The sl1ock '' nvc 
spread 'tll o' cr tltc I: ~rtlt and Clrcl~ll t l1c globe three ttmc~ 
In somo arc1s so 1nnnl cr1cks .nppcnrcd Jn t!1o ground thnt 
1 t set.mcd 1 t l1ad been furron cd b) n C1g1nt tc plough 
(F1g 94) 

Tho sl1ocks from tho l1rlltqu1J...r'~ 2n the footlillls o£ tho 
Pamtr and T1cn Sltnn mo1tnta1ns 1rl" ]JkC\\ 1~c fa1rl) sc' ere 
In Tasl1kent and Samarkond for c'nmplc tl1~y cnusc 
cracks to appear 1n '' alls and dcslro:, l)1.dl) butlt hou~cs 
Tl1cre 'vcro dcstruct1" e cnrtltqu 1.h.cs 1n Asl1lhn b 1d In :l929 
and 1918 (F1g 05) '' ho~o l1) poccn tres "'ere at a d c pt h 
of 15 20 k1lometrcs The h} poc~ntrc of the destruct•' e 
Agad1r earthquake In 1060 \vas nt a depth of five to ten 
kilometres 

Severe earthq11alcs occur almost througltout tl1e area 
co' ered by tl1e two above mcnt1oncd hells (•n Italy, Ch1na 
J npan and other countries) 

Eptcentre and Ilypocentre The force of earthquakes IS 

not the same at d1ff~rcnt potnts of the E1.rth s surface The 
po1nt on the surface \Vhcrc an earthquake achieves 1ts 
greatest force 1s called the c p•cen t re \r ert 1c '\ 11 y benca t h 
1t JS the h) pocentre the po1nt where an cartltquake or1g1 
nates Under tho Influence of for c"tamplo tcctontc forces 
pov. erful shocks occur 1n the hypocentrc These cause un 
dulator) o cillat•ons that arc tr1nsm1tted vertlcall) to 
the ep•ccntrc and alqo ltor•zontally along spltcro1dal sur 
faces throughout the cnt1rc body of the Earth 

Seismograph and Se1smogram The tremors started by 
thcso ~hocks are studted on the Earth s surface '' 1 th tn 
struments called Sclsmograplls 'V.'}llch are a ktnd of pen 
dulum There arc a great vartety of pendulum S)Slcms 
If the pendulum IS vertical a "eight w1th a taper1ng potnt 
ts suspended from 1 t on a th1n "\\ 1rc The point 1s set o\ cr 
a c.yl1ndcr wbtch 1s turned by clockwork A stratght l1ne 
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1s traced on thts cyl1ndtr when there arc no carthquales 
and the ground docs not vibrate But when there ts a trcm 
or the pendulum remams at reS~t thanks to the v..e1ght 
but the C} hnder starts revol vmg:and the pomt of the pen 
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F1g 96 A Golttsyn seiSmograph and a setsmogram produced by 1t. 

dulum traces a wavy ltne on 1t The s1ze of the waves of 
thts ltne depends on the force of the tremors The resultant 
record IS called a se1smogram A '\ ert1cal pendulum 1S used 
for record 1ng hortzontal v1brattons Vert 1cal v tbra t 1 ons 
are recorded wtth a horizontal pendulum The true dtrec 
t1on of v1hrat1ons ts determ1ned w1th both pendulums work 
1ng stmultaneously 

The Golttsyn ';Ctsmograph Is an Improvement over all 
cx1~t1ng Instruments of tts h.tnd It 1s used by scismologtcal 
stat1ons 1n the Sov1et Union and abroad (F1g 96) 
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The dosJgn nnd op('rntton of ~CJ~mogrnpi1S hnvc l•t'rn fur 
tl1~r 1m pro' cd tn thL So\ Itt Unaon 1n rrc£'nt ) ra1r~ The 
nc\V •n~tru1ncnts dcvclop('d b) I) 1\tltforo\ \ IJoncJ• 
J...ovsk~ D ]\..Irnos 1.nd D I"l1nr1n pro\ cd to l•c ll1c rno'Jt 
scnst t1 \ o nnd nrc tn u~c ot nC\\ ~llililnologJc 1l centrec;. 1n 
the So\ ll t Uo1on 

-- -~ 

F1g 97 \ bouse dcstro)ed by shOch '\a' cs n10V1ng In dificrcnt 
dtrecttons 

Afovement oft he Earth s Crust During Earthquakes 
By comparing seismograms 1t ''as found poss1blo to 
cs tab ll.;.h the nature of the mo' em en ts arts1ng 1 n a l1 ypoccn t rc 
T'vo t) pes of "tbrat1ons have been distinguished 1) long,tu 
dlnal or compressional and 2) transzersal or distortional 

Longttud1nal VIbrations gt\ e rise to 'cry fnst mov1ng 
c;;elc;mic \Va \ es that tra' cl at a rate of seven or cigl1t k1lo 
metres per "econd 1n resiltent rock and at a ~omcwh1t lo'' cr 
rate tn loo~c rocks The velocity of transversal ''aves lS 
about half that of longttudinal '\aves Tl1e latter liicrcforc 
rcacl1 tl1c cpu~ entre first and are the first to ho registered 
b3 a ~ctsmograph 
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Surface or long \V8\CS th~t f1n out In nll directions ar1~o 
In the cptccn tre Thougl1 thc~o ''aves movo o t about l1alf 
the speed of trans\ cr~1.l \Va\ es they art.. much :rnorc destruc­
tt\ e Tl1c degree and nature of the destruction caused on 
the surface of tho Eartl1 and to structures depend on the 
d•rect1on of the shock \Va\ c (r1g g7) 

Surface '\\aves re~emblc the ''aves started by a stone 
thrown 1nto a pond Tl1ey g1'e rise to undulatory dcforma­
ttons of the ground Deformations of th1s t) pe l1n' e been 
recorded when wa' es "V¥ ere pas~ed through 1 nsuf fi CI en t I~ 
re'i5llient bod1es 

Surface 'vaves fann1ng out from an ep1centre rna} race 
round the Earth It 1S qutte ob\ 1ous that the -waves mo\ 1ng 

Jn dttferent dtrections \'\ 1ll meet 1n the opposite hemisphere 
The point '' l1crc tho) meet Is called thG antlepicentre 

At present the force of an earthquake lS det~erm1ned w1th 
the help of a 12 po1nt scalo (Table 4) \V1th this scale the 
force of an earthqual.o 1s determined not only 1n accordance 
\Vlth the shock e~pcricnced h) people but also w1th seiSnlO 
graph records Sbocl.s st.._rt1ng vtbrat1ons w1th an accclera 
t1on of less than 2 mm/sec arc not noticed bj people but a 
SClhmograph \Vlll record them VIolent earthquakes start 
vtbrattons '' 1th an acceleration o[ 5 000 mm/sec2 

TI1c tremors starting 1n a h~ poe entre arc trttnsmt ttcll itr~L 
to tho ep1centro \\hero the most '1olent shock 1s felt The 
tremors sprLad out from tl1e ep 1 centre '' eake tltng '' 1 th dt s 
tance If on a map ''e dra\v a l1ne JOining places '\h1ch l1a\o 
suf[ered an cqualtntens1ty of shock ''o \\Ill get an tsosetsmal 
lme (F1g 98) for e-,.:ample a 5 po1nt or a 4 potnt tsose1smal 
l1no These ltnes form closed cur,cs and are often \Cr) Irreg­
ular for carthquako damage depends on the density of rocks 
(1gneous cemented flSSUrLd loose nnd so forth) ThL cur'\C 
of an tsoseismical l1ne therefore depends on tl1e geological 
structure of tho rcg1on h1t by an earthquake 

The greater tho dtstanco from tho po1nt of obsorvatton to 
tho ep1ccntro the mora t1mc IS taken h) tho shoch. '\avo to 
reach that po1nt By dra,\Ing a l1no through po1nts affected 
by an earthquake at tho c;amc t1mo ''c get a closed cur\c 
called a homoselsmal ltne ''l11ch In contrac;.t to an •soscismal 
l1nc I C) \er~ regular becauso lho \clocit) ol a tremor 1s less 
dcpcndc nt on tl1c geologl c a 1 ~true t tlro of a )oca Itt} 
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Sc•~m1c maps nrc comp1lcd on tl1c has1s of cartltquaJ...e 
rcconls 

Forecasting Earl hquakes Ono of the problems of sc1s 
mologlC1.lln\cStJgattonslc; to malo 1l possible to forecnst('nrtlt 
qunkrs \ Clj l1tllo progress l•as b~cn made In tl1ts dlnCtJon 
nltiiotJgll ~orne fncts Ind1cntc thnt n number of phenomena 

T s 
I 

~ra r..aT3 

Jl 

It,. J ~ I! 0! f! i~ mal II n r! o ( t h a 19 ~!) r zt rt h q u :J 'l o In As l1 l. h:. bad 
(Artl'r C Gonhko\) 

r3n ~ 8CC't'rl('tl 8~ hrrn Itt~ or 0 n l"1rlllq unltt for cxnrnplr 
mrtgnl't 1 c torm~ !omclttn( ~ pn:-c(\tle nn ~nrtl1 qun J...c fn quC'I~tly 
bn a k1 n~ out t \\' nt} four IJ our!- Lcroro nn r1rtl1quaLt' b('­
~l n~ \fnn O\ rr it 15 l>ellf'\ ~il that nn cartl1qunle i~ pre(rdr-d 
1) an lnten 1\{'- l1l~ ration o( gn~~ from tl1c CrBtCM of \olea 
n"~ 

\tlrMt t~ b:t\t !~n rn3 IC' to u~ •rcc•al in~trumrnt! Lo 
1 n ! 1 ct an r:trthqul k~ l a 1 rl) gOOf! rr~ult! b:J. \ e l~ll n o),tn 1 0( I 
• l t b t 11 t r",. t r-~ " 1, i e lt m r-3 ~ u rl" a r 1 ~ i n: d 1 p on t l1 <' I n rt !1 ! 
urfHC" 1t.llb s:n 1t arcut3c} At CHI} pmnt on th~ I nrth !i 
t r!J r tL~ d II' to"~~! 1 t!.t~ l1or1 ton cL3 n~t 4ll coutl nuou~l) 

Tt. i 1 c 1 'r: t.a LM p13. t:' Blo~ I) !Jut an arL~lr rnt1 on l1 ob-
.._ f"\'f'! j... t f lr"l an t.J.rtbr;u3kP 

rarthquatr-Proof llltlldlng- S1.eclnl rutt"' f )r t>artf1 
,. 'l tr )l l t. ~ll 1 

t r;: hl.' t L."' n t!nYt n up to ttlu nt r nrt rn~ n( 
t ~ (' r t l .. :t Zl t I 'It y 0 r f"3. rtb 'l t.l3. kM It 31) an I Jar 1 n 



Ioree 

1 

2 

3 

6 

7 

8 

9 

Vlb t 
Accetera t ton 

ra lOn mm}sec 

Very 
feeble 

Fee h)~ 

1\loderate 

Percept1 
b1e 

Strong 

V1olent. 

<25 

2550 

tJ 10 

10 25 

25 .... o 

50 100 

too 2so 

250 oo 

Table 4 

lbo:tractcr lstic 

Detected only by Selsmologtcal 1n 
struments 

Felt only on upper floors of butld1ngs 

Felt only by a few people the shock 
IS scarcely pt...rcep\1ble nnd docs not 
rouse tear 

Felt by mo~t people 1n bu1ld1ngs and 
only by some In basem()nts docs 
not rouse fear tauscs doors and 
w1ndows to rattle floor beams to 
creak and suspended ObJects to 
SW1Dg' S]Igbt]y 

Felt by all people Indoors and by a 
lew outdoors awakens slecptrs 
rouses fear 1n some people Doors 
open and shut suspr-ndcd ObJects 
sw1ng vtolLntly pendulum clocks 
stop 

Felt by all people Indoors many rush 
out 1nto the strePt 1n rear ObJects 
[all 1n bouSLS plaster cracks 10 
walls sl1gbt. damage 1s caused to 
small bu1ld1ng5 

Rouses general fear nnd pan1c felL 
outdoors as well r.rta'hcs people rush 
out 1nto the street Causes brlls tn 
bellr1es to r1ng cb1mncy potq nre 
shaken ofi roo[s some ltlcs fall to 
the ground rclali vtly 1 Jftht d:lmagc 
1s caused to many bu1ldtngs 

Rouses pantc Cons.tdcrable damage Is 
tau sed to bu1ldlngs partla lly de 
strays some houses 1\o human casu 
alt1es but some people arc hurt 

Devastat 
Ulg 

00 1 000 Some bu1ld1ngs are tom pletcly de 
stroycd tna ny arc serLously damaged 
A lew p-eople a ro 'killed 
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l rc \ I br 11 n \c.e l r 111 n 
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Jv I \ n 
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l ~ ,.. ,It~~ ruyrt\ '' 1431 
I H k) 'l U l 'h n) 1 '1 U hr ... "' rt Ct1 k' apr- n tll 
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II 

t2 C:rcrpt 1an 
ally c'l\ 
1.slrophtl 

- ...,t)l u ooo 
~ 
I 

>" oco 

~ r' 'J 1 Dr~ "-\I t 1 J ~ !J 10 ~t.1 rt l!l 
11~,..1- '''1l!. cru•t 10 

lh" rnount,lnllrl ' ~ 
~ J~lfll) l"'U t ~~ 

~lOOt" bu,l1tnt:- llf t tea rJtt"3 l\1 
1l h t ~1) rtu (\11\( l l art' btnl 
btt r l..l cru n1 b lt lron !r'l'\l l~ "dt 
tb m ~ "nd d 1l. i'"' nre d t "'~ l.tt I be 
llott!Ontnl rr~{k.l" de:Et·9 all\\ rotk 
r:rountl \~1n) 3 n 
I a II" n n sl1 rl n1 tron 
AU ('Vtn t bt- I;('\ mo\~~~~~ ~ Uon 
est bU llcl1 nt:"~ ntt' \ {' dt5 Joc3t lOll~ 
zontal nncl \rt\l\.,. l nururrOu~ 
arl1('1r in roc\..y rr;llsarc startt"l 
t1 ntfqJ 1tlc, n ntl roc 
sh-or~ c-ollap f' 

t! ba'e Jl }JS'l~lfO\l~ \\ hero earth qua J..cs h-n c bC"c n rs pee Jn } 1 t It ts not 
moro e'tptricnco tn th1s licltl th-m nn) othl't cou~\ ~fiL cdbc:. of 
tul \1 -;able to hushl hoU' .. cs on stc{'p slopcst n 

1 
f1~t claS!! 

prcclplccs, on loo.;o soli or on hum,\l bogg}l 50}, b,ulJ.Ings 
:.tone matonnl and cement c::.hould be uo:;et c b) lc,cl the 
aro not rccommcnd.cU Tho [oundntwns mu~t \\,ng3 nl.USt 
corners I•toJcctlOns ami all J...c) s~..ctwns of bm ' Pnrucul3E 
ho strengthened \U th mt t, 1 rods ami bca

1
ms .;,ho'' n tbilt 

caro must be tal..en O\Cr \\alls E'tpcrwncc 1" 5 e\Cfl th~ 
log hou!:>cS ''ltho:.tand earthquakes better tb·m 

3
nd madj 

best latd br1cl strurtures The beams mttst be rJC'£1 ~ bt. roatc 
fast to tho" alls Tho partttlons mu~t bo made 0 tg dccoril 
r1als and proper!} fastened to the ''.ails 0\ crbnnglDg nd bal 
hons such as corntces stucco mouldmt,.s columllS a slc'=t t 
come-s sl10uld he en otded because tht') are tbc ca ctcd 1 
t\cc:.trol 'Iulti stare}cd hmldmgs should be not ere ~r -po· 
~elsm1c reg1ons because dunng earthquakes the upp nd arc 
twns of butldtng~ HhratL more than tbc lo\\ cr floors a ntrlcs 
the first to collapse In the So\ 1et Un10n and othrr t..o; to be 
ant1 earthquake butld1ng has, 1n man1 ca~cs pro\C 
qu1tc efiectt' c 



Seaquakes Setsnuc disturbances frequently occur on the 
floor of oceans Tho tremors start hugo '"aves called tsuna~ 
mls "h1ch r1~e to a betght of several tons of metres and cnuso 
great de~truct10n ns they approach a shoro nnd flood 1t 
A lmge L':iunam1 '\\as started h'!t n. seaquaka tn Sagamt Bay 
Japan v.here a "Cellon of the floor roso steeply {230 metres) 
bnd another section sn nk to a d cpth of 400 met res Thts ga vc 
Irth to a 'Wave of o"er ten metres btgh. wbtch rolled shore~ 

\\'ard (part of the water flov.ed to\\ ards tho ocean) 
Durmg the earthquake tn Chlle tn 1.960, the tsunaro.t that 

tprang up off the coast of South Amcr1ca rolled across tho 
entlre Pac1fic Bastn for dtstanccs of tens of thousands of 
~Iles sv.eepmg the shores of Japan, the Hawauan Islands 
t e l\urtllslands and other areas As far away as tho h..ur1l 
Islands the oncommg wa\es reached a he.tght of nearly two 
b,etres l'he coast of Morocco was attacked by tsunam1s tn 
t e per1od from tho mght of Februarv 29 to March 1, 1960 1 huge ..ea Wa\e that destroyed everythmg 1n 1ts path struck 
t e to\vn of Agadtr Tsunamts occur ma1nly 1n the Pac1fic 
hut they also oc.eu-r tn the Atlant1e and the ~ledtterranean 

Epeirogentc 1\lovemcnts 

EpeirogeniC movements cover enormous areas of the 
Earth s crust They are slow and can only be detected through 
many years of observation For example changes have been 
noted 1n the po~1tton of coastlines \\Ith regard to the level 
of the bea In one area or another these movements are somo 
ttmes rhythmical 1 e W1th1n a certatn pertod the coast 
l1ne r1ses and then gradually subs1des agatn 

lngrcss1ons (advance of the sea 1nto r1ver valleys) and 
tran....gress1ons {fiood1ng of large land areas by the c;ea} are 
observed \Vhen a eont1nent substdes and regressions (retreat 
of the. sea) occur when 1.t r1ses 

Variations ot a sboro l1ne can ba establ1sbed. on the bas1s 
of htstor1cal gcomorphologlcal geodes1e and geologtcal 
facts Htstory tells us for example that about 1 900 years 
ago the shore of the Day of Naples 1n the regton of the to,vn 
of Pozzuolt began to subs1de and the sea co,cred a part, of 
tho to'vn In the tenth eentury the shore rose aga1n and the 
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butldtngs that bad been submerged have surv1' cd as ruins 
and ~tand on the sl1oro far from the edge of the ''ater It IS 

be ltcvcd that 1 n th 1 s area the a mplt tude of the shore ' nr1 a 
ttons '\as about 12 5 metres 

Other cvtdcnco of upl1ft~ of tho shore Include~ S\"\ells 
on flat coasts and also terraces CO\ ercd '' 1 th -sand rounded 
pebbles and rematns of seashells on mountain slopes These 
terraces sometimes occur at an elevation of several hundred 
metres abo\ c sea lc" el The am pl1 tude of ' ar1 a t1 on of tho 
Earth s crust tn ODj given area can be cstabliSilcd by the 
hctgbt of the S\\ells and terr"l.ccs abo\c the present sea lcvl.l 
''h1le tho ltme 'vl1cn tho terraces \\ere formed can be deter 
mtnad b) the fosstl fauna and flora Tl1o dra1n1ng of former bar 
hours river deltas and river 'alleys o'erhang1ng S£~-a coa~ts 
are also 1Dd1catlons of upltfts Some coa~tal areas ''h1ch had 
once r1scn l11gh 'lho\c ~ca lo,cl aro no'v submerged For C'l: 

ample the mouth of the Congo RI\Cr has been traced belo'' 
the lo,cl of the Gulf of Gutnca for a d1stancc of nearly 100 
kilometres and at a depth of more than half a kilometre 
Undcr\\atcr channels of the Ob Yen1sci and other northern 
r• vets ha vo been traced O"\ ~r long dt st n nccs 

Tho marsh) lakes along the coast of the Black Sea and 
the absence of shallo\v deltas and ri\crs for c'\:amplc 1n 
South CI1tna dcsp1te tl1o cvacuatton of 11uge quantities of 
detrttus arc also cv•dcnco of the substdcnce of coastltnes 

Examples of \Crt1cal 'ar1at1ons aro found 10 Scandinavia 
and Ital) Tltcre are strtking upltfts along the northern coast 
of Nor\\ay ''hero fi\e m"lrine terraces hn\C been dtscovcred 
the h 1ghcst of these 1 s 170 metres abo\ e tho prtscnt sea level 
The) ha\o been cnr,ed out on a surface poltshed by glacilrs 
but nrc not p ol1 sh cd t hcmsel' rs Th1 s shov., s thP} ''ere formed 
1n tl1c post glacio I period Sections of tho Scondtna\ Inn 
canst ad]o1n1ng the northern c:hore of the Gulf of Dothn1a 
are at present r1s1ng at a rate of a conttmctre a j car Other 
areas ''here the shore ltnc 1s r1stng 1ncludo Spitsbergen No­
'D) a Zcml} a Greenland Iceland Scotland aod the southern 
concst of tl1o Black and Casp1an seas 

Tl1c rc\crsa 1s tnk•ng place along tho coast of South Cl1tna 
1\u trnlla and North t\frtcn 

Slo'' uphca' als of the Eartl1 s crust arc tak1ng place noL 
onl) tn tho \crt1cal but also 1n tho horlzontdl plano They 
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ha' e been observed 1n the Alps near Lake Gene'\ a 1n the 
Ba\ar1an Alp~ 1n North Amert( a and other areas 

In addition to tl1e geomorphologtcal observations described 
abo\e the slo'v variations of the Darth s crust aro meas 
ured \\'lth a :U.ne degrae of accuracy through repeated level­
ling Such measurements have been taken on the Cauca 
s1an coast of the Casp1an 1 n Scandtna v1 a 1n North America 
and elsc.\vhere 

Fold1ng and Rupturing 1\Iovements 

Broken and Unbroken Beddtng of Rocks The rocks 
of ,,h1ch the upper part of the Earth s crust tS composed are 
represented mainly h)' stratified ser1cs that had formed pr1-
mar1ly 1 n 'va tcr basins In a stra t1 tied forma tton each I a~ er {or 
strat urn) 1s separated from the others by a strati ficat1 on plane 
The surface houndtn a stratum from helo\V ts called the 
oot t e sur ace oun 1ng 1t on t o top 1s ca e th roo 
n a sertes or bench of la;ers the roof of an underlytng he 1s 

at the same t1me the foot of the o'\erl)Ing bed The shortest 
distance bet,veen the roof and foot of a layer IS Cd.llecl 1ts 

th,ckness 
\Vhen they arc iormed, la) ers of sed1mcntary rock are 

depos1ted ou the floor of a bas1n hortzontally or at a sltght 
t1lt In such a series each of the beds IS depos1ted one on 
top of anothtr In turn '\Vhere the condtttons of sedtmenta 
tton are more or lcs~ constant the stratification pl1nes \Vtll 
run parallel to each other 1 e t the beds V¥111 be concordant 

If ser1es of strata l1o parallel \VIth one another and there 
1s no chronological sequence bet,\een them 'vo get a case 
of stratograph1c unconformlt) For C"Cample 1 urao..~slc mar 
1ne rocks may l1e on Devon1an martne depos1ts ''hereas 1f 
the bedding had been concordant the sequonce would havo 
been Co.rbon\fe.rous Perm1an Trla.SS\e I uraSSlC 

Strat•graphtc. unconform1t) 1s caused by oscillations of 
tho Earth s crust In our example the Devon1an per1od ''as 
follo,vcd by a r1se of a submar•ne area of the Earth s crust 
''h1ch gradually suhstded. 1n the J urass1c pcr1od (Table 5) 

In add1tton to stratigraphic unconformlt) there IS tecton­
IC or angular unconformity ''htch means that rocl strata 
l1c unconformablj as n result of upheavals 
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A disturbance In the original bcddtng 1s called a d•sloca 
t1on and 1s caused b) the foldtng and rupturing mo\ emcnt 
of the Earth s crust 

Constderable dtslocattons arc usually found tn mountain 
ous rcg1ons ln the Ural Crtmean T1cn Sltan and Cauenstan 

F1g OJ Fold and rupture In ~f1d Pnleozo1c l•m~stone 

mounla1ns for example the orJginol hortzontal or sl1ghtl} 
tal t 1 ng bed d 1 ng of the rock In} ers has been substa n t tally 
changed tho gradient 1s steeper the strnta nrc bent 10 \Vavcs 
and p::trttnll) ruptured and along fractures they are dts 
placed (Ftg 99) 

.t\tcord 1 ng to the1 r not uro a II d •sloe a tt Oil! ora d 1' 1 d~d 
Into t'' o l) pes folded or pllcated (conttnuous and undu 
lattDg strata) and rupturtd or d'sJointd (ruptured strata along 
some surface ant! 1n some cnses subsequent dlsplaccmcnt 
alan~ the resultant fracture) 

Ruptured (disjoined) Dislocations These dJslotattom 
appc3r n! fractures from n few m1llJmctrcs to tens and C\CD 
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hundreds of kilometres long the strata along these fractures 
are frequently d1 c, placed 1 he surface dt VI ding ru p t urcd beds 
15 called a fault crevice and 1t may be 'ert1cal or Inclined 
Strata may bo dtsplaccd parallel to a fault ere\ ICe from bot-

a b 

F1g tOO a-fault b-d1splacement 

tom to tap (reterse fault) or from top to bottom Uault) 
If the layers are d1splaced along the hortzontal plane of a 
fracture they form a d,splacement (Fig 100) 

System~ of parallel fractures occur frequently In some 
cases blocks tmpr1soncd bet,,een faults arc dtsplaced either 

---

--------

F1g 101 11 orst: and graben 

up or do,vn 1hls gi\es rtse to protuberances called horsts 
and to hollo\VS callod trough faults or graben {Fig 101) In 
the US S R trough faults Include Lake Ba1kal, ''hose floor 
has sub~1ded by more than a l1lometre l ale Teletsloye 
1n the Altai 1\lountains and Issyk h..ul 1n h..trghizta Some 
trough faults are extremely long Lxamples are the Red Sea 
and the Rh1ne r1ft valley, 1nto 'Vh1ch the Rhtne r1vcr enters 
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nnd \\ hacl1 Jo\\ ('n:'(l TI1c 
rnl t:(",t or tllllltro\' n Jl'lrt I~ 
tl i c.t 1 ngu \ <-lu:~(J la) n d tJ\\ 11 

}1(\0~1 or t ltc ~t rnln tlJC IO\\ 

cre~l p1rt on tl1c ot!1~r 
l1 n n1l i! ,t 1 ~tl n~n 1 c.lll'(l 11) 

on tlpl)C'nd The fracttlfl' 
~ttrfncc cnn iK' \Cij e:mootlt 
(ftlctiort plnn~) or ctrlttt('(! 
n fr1.cl11ro catl~l l1) n rup 
turc mn) b~comc lil1c(1 
~ atl1 roc.l 'n tL (frtctlOI1 
llreCtln or tf'ctonic Lrcretn) 

Folded (ptlcalloe) Dis 
locations In mnn} cnscs 
~lrnln nrc lu~~nt 1 n '' "'' rs F 

D n1J fiTrii), Jof~]s J llC SIZ~ 
o[ th(\ ~ fol1IS=\ nriCS grt.nlll 

,\ lolt1 l1ns lito follo\\ 1n~ 
clcm(lnts (J.tg lOj) 1 >av!IJ!Y 
=z:ol\\O rnoro or Jr...s c\cn 

..... -­---- - - ..,_ __ ...,. 
---

c 

'/ , 
..,., ; , .1' - - ..................................... , ,.,,~/ ,, -- - ----- ,,/,,,:;, 
///.1'' 
/, ~,, ---
/, ~ 

/-I 

-- ...... --8 ..... - -a - ----------
Fl"' 101 Llctnl"nls of n Inuit 

D 

A- raJ •e-tl llfnt n --ln.,. ~rt'd I hn b 
a'J d -t.3u r t trfviC''C! h- t Jul c amr U tud~ 

~ur(Jrc~ Jam1l1ng tho fold 2) n ttun e-tl1o crest connecting 
tJ1c l1mbs 3) n fold iJen.d tl1o !1no pn~s1ng t11rougl1 tlso 
lt•gllc~t po1nts o[ tlto crest 1n tl1c cur'~ of n fold 4 fold 
angle-the nnglc Lct\\Ccn tl1c c"ttcndcd plnnes o[ tl1o lilt~ 
To (1' to t lac1 r 1 n t~ rscclt on. 5) a.xla l sur acP-ll1 o surf nco pnss1 ng 
lltrouglt nll ll1o lnl- crs of t 10 a t end ontl d l \ 1d 1 ng llto 
fold nnglo 1n l\\O G)jo!d axl!-tl1c llDC" nlong '\ltJCli tl1o n...:lnl 
surface of t!1c fold lillcrsccts tho I nrll1 s sur£1.cc Tl1c n ~~s 
o[ n (old mn} bo <'ltll~r }lOrttontnl or dlppctl (f1g tOG) 1f 
l}JO JlXJ, JS dlppcd t}lO fo]d s1nks JlltO t}lO rart)l S surfnco 
10 tho cl1rcctton of tl1o d1p 
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D) tlu:nr sbnpo nnu 
tho nrrnngcmcnt of 
tlto rock layers 1n 
tl1cm folds nrc dtvld 
c<l 1nto t\\O groups 
.ryncllnes nnd anti­
c lines Tl1o former l1n' o 
nn ID\crtcd nnd tl1o 
latter n normnl nrch 



r,~ tO Elt:menls. o( a ro\d 
a-Unt b'-~IJtv:e- DD -told t-end ACB 

- t ld an c:-te CC 1:.. 1:.. -ax' al 1url aee 

(F1gs 107 108) 'Vhcrc tho 
foJds ore abraded along the 
bends the beds 10 tho coro 
of a Sj ncltne nrc l oungcr 
than tn the core of an 
onttcl1ne 

If n fold IS truncated b} 
denudat1on n sect• on '' •II 
shO\\o conc~~tcnlll' con\cr 
gent beds the n:xJs of n 
fold 15 long (fie CUULLlltt~S 
\\iII be cfli pscs \Afnd · zf it 
jS .short iLol -" 1lt IJc alm~st' 
ctn..u lor F"oiJs '" i tli 'sfiort 
axes (2.1 5 1) nro cnllctl 
brachya.z 1 a l fo Ids 

If nn nntacla nc 1s compiJcatcd 'bjt sntalt·fntds It IS co llctl 
nn antiCllnortunt a S) ncllnc stm1larl) compltclllftd 1s cnlled 
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a syncltnorLum A foltl IS from a fe,v centimetres to several 
tens and hundreds of kilometres \\lde 

By the posttton of the1r axial surface folds arc class1 
fild as follo,,s orect or upr1gbt If the a-..:1al surface IS ver 
tical or nearly verttcal, obl1que 1f the a "{tal surface IS tn 

F1g f07 Folds 1n ltmestone 

rllned and the ltmbs d1p tn dtfferent d1rect1ons o\erturned 
1f the ax1al surface 1S 1ncltned and the l1mbs dtp tn ono dtrec­
tton only recumbent 1f the axial surface JS hortzontal 
(Fig 109) 

1herc ts a quaquaveral structure called a dtaplr fold or 
fold ~1th a dtap1r1c core It resembles a dome· anazlJie rocks 
1n 1ts eoro are l1thologltally d1fierent and older tban the sur 
roundtng rocks A d1ap1r1c structure IS usually due to the 
formation of a gently slop1ng antlcl1ne when a mob1le- plas 
ttc core constst1ng of rock salt for examplra partially 
pierces and deforms the overlying layers This type of struc ... 
t11ral feature ts 'v1dcsproad 1n o1l regions 

'Tbe form and s1ze of tbe folds~cpend on a number of fac­
tors the pctrogra ph1 c compel tm'ti ""of th9" rook~t,ha. J.b ~.t!k 
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Ftg 108 Syncl•nc (a) and 
an l1cl1ne (b) 

ness of the layers tho dtrcc. 
tton and force of the pres 
sure dc,eloped by UlOunt­
atn maktng processes The 
most Intcnstvc folding IS 

thus obser\ ed '' here the 
rock lnyer th1ns out Tho 
folds In argtllaccous and 
marly rocks nre usually 

more regular than tJ1ose 10 limestone 
There IS a flexed strata ''h1ch IS the transttionary form 

bet,,ccn folded and t.ltSJOined dtslocattons Thts trans•tton 
ary form IS called a exure In tho ltmbs of a fle~ure the rocks 
oro bedded hor1zonta } '' 11lc bet,\ccn them there 1s a sheer 
a I most 'crt1 cal d 1 p ( F J g 110) Consequently one port• on of 

b d 

F1g 109 Folds 
a-erect b-obJ que -overturned d-recumbent -Inverted 

a la)Cr ts e1thcr rn1sed or Io·\\cred 1n rclat.•on to nnothclji'Thc 
c.l1 sp I accmcn t rna) be so co ns1 dora ble that tho Ia} cr brca ks 
at the bend and the flexure becomes a fault Flexures occur 
frequcntl~ 1n plateaus Tl1ese ore either bracb) folds or cu 
polas All tl1c abo'c menttoncd folds occur stngl) amidst 
hor1zontnll~ bedded 
rocks Long (ltncar) 
folds dc\clop tn gcosyn 
cltnal areas frequently 
occur tn groups nn~are 
tntrtcatcl} shnpetl thoj 
ore grouped closo togcth 
er tn narro'" strtrs 
huntlrctis of l1lometres 
lon~ (the 1\lps the Car 
pathlarL~ the Cort!Jl 
lcras) F1g ItO A ficxure 



Position and Ateasurement of Beds An 1dea of the Plc 
mt nts go' ern I ng the occurrence of a bed has been 1ntrod uced to 
show 1ts position accurately tn space These olements deter 
mtne the position of a bed In relatton to Its dtp and the four 
cardtnal po1nts of the compa~s 

The elements of a heel s pos1t1on are the strtle~ the dtp 
and the d1p angle 

By strz,._.e ''e mean tho nz1muth* of the l1ne of strike 
The llne of strike 1s any hor1zontal ltne 1n the plane of a 
stratum The d~p ts the at1muth of proJeCtlon of the d1p l1no 
on a hor1 zonta 1 plane The dtp lzn e IS the plane passIng through 
the plane of a stratum 1n the d1rectiCJD of Its max1mum 
angle 

From the above defin1t1ons It follo,,s that 1t IS possible 
to dra'' an) number of str1le and d1p ltnes 1n a plane of a 
stratum and that all the str1ho lines as ''ell as all the dtp 
ltnes "Ill be parallel to e'lch other The dt p II nes are perpcn­
d1eular to the strtlc ltnes 

The dtp angle Is the angle a stratum IS InClined from the 
horizontal (F1g 111} 

The elPments of a bed s position are determined '"1th a 
d1p compass Th1s compass has three features that d1stingu1sh 
It from an ord1nary compass 

1 It IS mounted on a rectangular support so that Its 
0 180 (N S} diameter IS paralltl to tts long Sides 

2 The l1mb Is graduated counter cloch..\'\JSe East and 
\Vest are also arranged counter clocl,vise the former 1~ on 
the left of north the latter on the right The reason for thts 
lS to allo'' the aztmuth value to bo determined d1rectl) 
from tho reading of tho north end of the magncttc needle 

'V1th a d1p compass tho azimuth IS measured northl\ard 
from the d1rect1on to be determined and must therefore bo 

• The az1muth Is the angle bet'\\een a line d 1rected nort b~ ard and 
dnother p tSsmg clockwtsa through a gl\ en d1recllon It ls measured m 

egrecs (0 3&0 ) and IS determined w1th a compass Tbe magnet1c 
azimuth 1 e tb~ angle bet\\een tbt dtrectton toward~ the magnetic 
polo and a g1ven dtrcctton lS also measured A correction that tales 
i1to account tb(! mdgnehc dcv1allon 1 e the anglo between the dtrec 
t on to the magnettc pole and the geographic pole Is made to obtain 
the true azlDluth~ An east dcv1at1on ts one In '\\bleb the direction 
lov.nrds the mngnet1e pole is deviated east'V1urd (rom the geographic 
pole the reverse ol tbts wtll be a '\\est devtallon 
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occur 1n group~ nn~nro 
1 nt r 1 ca tc ly sl1.a pC'tl the) 
nro grouped closo togctl1 
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pnth1ntts tho Cord1l 
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Position and },feasurement of Beds An tdea of the ale 
ments go\ crn1ng the occurrence of n bed has been 1 n trod uced to 
~ho~ tts posttton accurately tn space Thcso clements deter 
mine the position of a bed 1n rclatton to 1ts dtp and the four 
cardinal po1nts of tl1e compa"s 

The elements of a bed s position arc the str1kc, the d•p 
and tho d1p angle 

By str,A.e ''e mean the azimuth* of the l1no of strtb..e 
The llne of strlh.e IS any horizontal l1ne 1n thB plane of a 
stratum The dtp ts the aztmuth of proJeCtion of tho dtp l1ne 
on a horizontal plane The d~p llne IS the plano passing through 
the plano of a stratum 1n the d1rcct1on of tts maximum 
angle 

From the above definitions 1t follows that 1t 1s possible 
to dra'v any number of strtle and dip ltnes In a plane of a 
c;tratum and that all the str1ko lines as ''ell as all tho d1p 
l1 nes '' tll be parallel to each other The d 1 p l1 ncs are perp cn­
d1cular to the str1ke l1ncs 

The dtp angle ts the angle a stratum ts 1ncl•ncd from the 
horizontal {Fig 111) 

The elements of a bed s pos1t1on arc determ1ned n.tth a 
dtp compass Th•s comp1.ss has three features that dtsttngutsh 
It from an ordfnary compass 

1 It ts mounted on a rectangular support so that tts 
0 180 {N S) diameter 1s parallel to 1ts long s1des 

2 The l1mb 1s graduated counter clock,vise East and 
'Vest are also arranged counter clock\VISe the former 1s on 
the left of north the latter on tho r1ght The reason for th1s 
IS to allo'v the aztmuth value to be determ1netl dtroctly 
from tho readtng of the north end of the magnettc needle 

'Vttb a dtp compass tho azimuth ts measured north~ard 
from the dtrcct1on to he determined and must therefore be 

*The ar.1muth IS the angle between a l1ne d1rected northward and 
another passlng clockwise through a g1ven dtrect1on It 1s measured 10 
degrees (0 3GO } and 1s determ1ned ~1th a compass The magnet1c 
az1mut b 1 e the angle bet" een tho d1rect 1on to" ards the magnetic 
pole and a g1ven dtrect1on 1s also measured A correctton that takes 
into nccount the magnet1c deviat1on 1 e the angle bct'\\een the d 1rec 
lion to tbe magnct1c pole and the geograpb1c pole 1s made: to obtain 
the true az1muth An ~ast devJatton 1s one in Vfhich tbc d 1roction 
to" ards the magn~t1c JlOle 1s de-v:1ated eastward (rom the gt.O"'raph 
pole the reverse of th 1.9 l'r lll he a "est dev1a tlon b tc 
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measured cou n tcr clock'' 1sc Tho zc ro pos ttl on o { l h c l1 m b 
IS ~ct 1n the dJrcct1on to be clctcrmtncd TltiS \\ 1ll mnlc tl1o 
nortl1 end of tl1c mngnct1c ncclllc stop nt tllo potnt Jncl•cnt•ng 
tl1o nztmuth of tl1c lool~d for direction 

3 A plumb ts suspended from tho n~ct.llo of a d1p compnss 
The graduations of liic plumb nrc on tl1o bottom o[ the com 
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F1g 1 t t P.lcasur1ng tbe d1 p and str1 ke of n rock Ia} cr 
w1th u d1p compass 

pass case (0 90 1n both d1rocttons) Tho plumb points to zero 
when the compass IS 1n a 'erttcal posit ton 

The bed strike ts determined as folla\VS 
1 The compass IS placed 'ert1cally \Vlth the long stde 

of the support on the surface of a bed tho plumb hangtng 
do\\ n The ' crt• cal po~1 t1on of the pI umb 1 s d ct erm1 ned h) 
allo'' 1ng 1t to oscillate frccll A position 1s selected for tho 
compass •n 'vh1ch the plumb stands at zero 1n th1s pos1tton 
the stue re~ttQg on tho roe.l bed \vtll 1ndtcate tho str1ke l1nc 

2 The compass 1s then placed In a horizontal poSition 
''•th 1ts long s1de on the str1h.e l1ne the magncttc needle 
released and tho rend1ng of 1ts northern tip taken Tb1s read 
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1ng '\Vtll he the str1ke (the atlmuth oi the str1ke ltne.} The 
compass must be placed hortzontally cso that both ends of 
the released magn( t1 c neE d le arP lc' e 1 '' 1 th the l1 rob 

The bed d1p 1s dE.term1ncd as follo\\5 
1 The compass 1 s placed vertIcally '' 1 th 1 ts long s1 d L 

on the surface of the bed, the plumb hangtng freely Thl'l 
Slde must he d1rected approximately do\Vn the d1p of thP 
bed A pos1t1on must be found for the eompass 1n \Vh1ch th~ 
plumb ''Ill sho'v the maximum deflection \Vhen this post 
t1on IS found the long s1de on wh1ch the compass rests 'vtll 
coinc1de \Vtth the d1p l1ne 

2 The compass 1s then placed on the bed surface so that 
one of the long s1des of the support coincides \Vlth the str1ke 
l1ne and the zero on the ltmb or letter N ts all1gned \VIth the 
dtp of the bed 1n the d1"rect1on oi the dtp ltno The short s1de 
of the support 1s l1fted slightly {w1thout movtng the compass) 
and the compass 1s brought tnto a horizontal pos1t1on The 
northern t1p of the rolea'3ed magnettc lino Will tndtcate the 
d1p {thl az1muth of proJection of the d1p ltne to the hor1zon 
tal) 

The d1p angle IS determined s1multaneouslv With the d1p 
l1ne 1nasmur,h as the ma"-1mum denect1.on of the plumb sho\\s 
the looked for angle 

The str1le and d1p wttb the except1on of the angle (tn 
degrees) are recorded together wtth the po1nt of tho angle 
{NC, SE S\V or NW) This 1S done to chock and fac1l1tate 
1ndoor analyses of data obtained ln the field 

Tho follo\vtng 1s a sample of ho\\ the elements of the bed 
'PO~llton are teCO"tded ~tr1ke S\V 225°, dtp SE 1.35° L32° 

If the measurE-ments are made correctly there ''tll be a 
goo d1fierence bet,vccn the str1ke and d1p If there ts a con 
s1derablo (2 3 ) deviation from th1s value the measurement 
should be re eated 

Periods o Orogenesis 'Vhen tlctontc d1sturbances of 
the Earth s (.rust are stud 1 ed 1 t 1 s \ ery 1m port ant to est<thl1sh 
the age of a dtsturbance and also the area atrceted by tt In 
some areas depos1ts of the same agP lte horizontally 1n others 
they nro folded In ono and the same d.reap depOsits of d1ffPr 
ent ages mal be d1ppcd at d1ffcront or unconformable angles 
Th1s sho\vs that d 1st urba.ncls do not take place c' ery'v bPrc or 
cont1nuously hut at moro or less definite Intervals {Table 5) 

253 



Era (group) 

Archean 

~ 
Proterozoic 

PallO'ZOlC 

Character 1 s. U cs 

Igneous and repeatedly metamor 
phased rocks 

No plant or anJmal remaJns l\lar 
blcs (metamorpho ed ltmcstones) 
and grafb1tes test 1f }lD g to t be prrs 
cnce o an organ1c ku1gdom oc 
cur 1n the upper level depos1fs 

Igneous and metamorphosed rocl..s 
Sean t y but 1den t1fiable rematns of 
lower In\ ~rtebra tc martn e an1mals 
and algae 

. , 

1\on metamorphosed e<ilmentary 
rock~ 

In,ertebrate anunals predom1nate 1n 
the ea appearanre of armoured 
gano1d and d1-pnous fish ln'\er 
l( bra tes and Jov. er 'r'tt P brall sa pprar 
on land Lower plants-lylopods 
cqu 1set urns ferns-de-,. elo p r1 p1dly 

'1oun' a1 n bu1ld1ng at t bP brgrnn1ng 
and end o[ tho £ra 

Period 
(syatem) 

Cambrtan 

Table 5 
~ 

C barac teris tics 

Land fauna and. flora u n l. nown 'foe:. t 
liD pori fl n t g'Utde foss~ )-lri(Ohl f C (or 
the ord~r o[ crust "\c~a n-s} 

Spong~s starfish "orms Jnat\icula\t 
brarh.J_pods blval\"c moJJu~J..g nnd 
replla lopods app(J3r Local glalJilt 1on 
'V£ak 'olcnn1c a ttl\ It) 

-

f piS\op3tt.3. t rl \ol \tes B. nd atl \tu\a\ ~ 
(br1t lupods w1th a cn.Jc-~rous shell) 



g: 

OrdOVltlan 

de\ clop in t be sea gto n t. martnco 
arthropods (glgantostrat':tns) npp~ar 
groups ol corals m tabula to corals 
bryozoans and cepb~lopods (naul1 
ioids)-beg1 n to dt V"Llop ra ptdly at 
tbo close o[ tho per1od 

F1rst. arthropods (m)rzapods scorp.zons) 
applar on land 

------------~~~--~------------------~---

S1luruln 

D e't'on13.n 

Propar1an trtbo1ltLS corals ctJnOids 
(sea lll1es) ns \\ell as ortboceratiles 
and na ulllc1ds from t ba group of 
cc phalopod~ d c'\ elop r1p1d ly 

Further cvoiul1on of sea t~rchrns 
brachiopods nnd ammono1ds 
Armoured fiSh arpcar 

Tra n c.gr( sst on of l be Sla at t bo- bcg1 n 
n1ng and r~grcss1011 at tho end of 
the pcr1od 

lnl(!nSl\ c '\ olcan1c art l\ 1ty Calcdo 
ruan mountatn bu1ld1ng 

Ftrst ga n ou.l a ntl cl tpnous fi sb a ppenr 
ln the sea \rm()url'\1 n~hand 1illffi0 
noJdB de\rlop rap1dl) Abundant 
(lo\\ cr) 'rgct"llton on l'lnd Re 
pro\ M. tr"n~gr~sc;~ons and T( gre:s 
~Jons TropJcal cJ,mate 1n the b1gblr 
lal1tudr-s 



~ 
~ 

Era (rlroup) C barn c tcr 1a tl ea Period 
(syatfJm) 

Cont1nued 

character Is ties 
--------~----~---------.~------._ ______________ w---------~~~----------~--~--------~--------~~----------~------------------~--------·-

I'alrozo 1c 

Carbon1f('rous 

Pr-rm•an 

Armoured fish and friiobttes d1e out 
On land-luxurtant development of 
lycopods ~qu1setums and fern3 

F1rst g1ant amphibians and r£-pl1lcs 
appear 

r\umtrous Jnsccts and sptders Coal 
deposits accumulate In tcnst\ c vol 
cantc acl1V1ty 

Troptt.al cltmatc 1n tho b1~h~ latt 
tudes Brg1nn1ng of Ilercyn1an moun 
tntn bu1ld1ng GlacJat1on of the 
,oulbem conttnents at the clost! vf 
the p{'r1od 

1 rJlobJ tes tct rae ora J s and c;o on d1sa p 
p!'ar from tho sra Ganotd fis~ and 
ammonotdg dcv~lo 

osa urs) flour1s on land 
Cons1derablo rt gr( ss1ons and de\ rlop 

m['nt of \ olc1n1c act1v1 ty 
Close of tho llrrcynian mounlntn 

bu ilu1 n g pr-ruJrl ( d u r1 ng whtr II 1 n 
pn.rlirular t be Ural an(r Tu.n Sb3n 
systems apprarro) I ntr-n~n' e glarJ 
alion tn cquator1al ~Lons and aceu 
mulallOQ or ~all in tho trmpc-rate Ia 
titud~s 
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(.1\ 
tV -

~ 
...... 

~~e~O.ZOlC r DepOSltStlon of s~d!mentary rocks 
Ammonites amplub1ans (dtpnoans) 

and rept1les .fl ounsh 1n t be sea F1rst 

bony fish 
On land-first btrd~ butterfl1es and 

flo"' er1ng plants 

Tr1a ~1c 

Jur1~S1r 

Ancestors oC modern corals and belrm 

nates appear 1n the sra 
On land, extlnct1on of strgoccph3.Itttns 

and cotylo~urs nnd tho appearance 

of r~pl1lrs-d1nosaur~ turtles aoc 
od1les lind thcraps1d rcpt1les Ap 

earance ol lo"er mammals bony 
~b and long ta1lcd cr1yfish Con 

s1derable regresstons of the sea 
Subtrop1cal chmatr 
Vast dcs~rts 

- - ~------------------------------------
--.,~rr------------------.-

In tho ~ea-eXllnttlon or orthocer3 

t1tes C\ olut ton or ammono1ds 1nto 

11D.m on1 tes 
Appearance or asymtnetrtc sea urch 

1ns crabs 
On Iand-extlDCllOn or tbcr3pSld rrp­

lliC~ g1a nt rept1les flour1sb a ppcar 
o.nce of frogs pterosaurs pr1m1ttvo 
btrds and llutter.D1eS 

Lnrgc tranc:;gress1ons of the sen C1m 
mer1an mountatn bu1Jdtng d1fier~n 

t1at 1on of cl1ma t1c b~Its 
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rt• If" ur) 

\lc ,, J( 
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Cc IH rl l 

Cf..3ncttrbUtl 

I )t pc tt:at ton or Ntml ntary rocl..s 
1 rt rnt ndnus rruptlon! CJf lava 
I m mt n l t ran gr~c;:;1ons and rrgres 

L n" 
G T1H.I ual r ltm, t 100 cf mot.! l rn t. ontl 

nrnt-.. 
\lptno mountatn butldtng 

r~r lod 
(lystrm) 

Cr( 11cr-ous 

Pa 1 f'OJ;C'n e 

Conttnued 

Ch3racter l.st lcs 

In lh(l ~~a-extinclton of ammon1tes 
and belrmntlcs at tho close or the 
per lad 

On land-appcar1nce of salamand~rs 
modern crocodiles and pytbon hke 
serpents 

EX ltnct ton or glan t rept llrs--dinos::.urs 
1 chtyos:.urs and 1 t erosa urs 

Appearanc-e of prtmtl1ve mammals and 
llo'\\ cr1 ng plants 

Via lent tran c:.grcsston tn the m 1dd 1 e 
of the pcr1od 

In the ~ca-bony fish flourish 1\lol 
lush.s approach their modern to·,.,.. 

On land-anc1ent serpents and l1z 
ard s still In extst encc 

~lammals ac~tre g,gant•c 1zes 
AppParance of pros1m1ans cetaceans 

and edentat£"s 
The eltmate has been dt!Ierenltatcd 
Alp1ne mounta1n butld1ng bPgtns 
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In the h1stor) of tl1c t>1rtl1 \\C dJ~lingu1sl• four b~s1c per1ods 
of orogcnests 

t Pcrtod of A lptne fold1ng l\lesozotc (J tarass1c Crct,c~ous) 
fa ld tng from tho Tcrt1acy pcr1 od u o'' n to our d ~) 

2 Pertod of llerC1Jnlan fold1ng Carboniferous Pcrm1an 
pcrtod 

J Period of Caledonlan foldtng Stlur1an pcrJod 
4 Period of Pre Camhrlan fold1ng rcpcatcdll' 1n tlto 

course of the Pre Cambrtan pcrtod 
A moun tal n Sj ~t em IS a tta eked by d cnudat1 on e\ en '' h tlo 

It 1~ being formed That IS \vhy ''o find tho tallest peaks 
(7 500 8 800 metres) 1n J'Oung mountn1n sjstcms that ''ere 
foimed at the cl-oso ot the 'fertlar) per1od (Alpine foldtng) 
These mountain systems encircle tho Pacific Ocean and "'lso 
~trctch latttudtnally from the Atlanttc to the Pacific along 
the southern margJn of Europe and As1a (Cord1Jlrras Andes 
Caucasus Altai Pam1r Himalayas) 

In the mountatn systems that arose at the end of tho Paleo 
zo1c period (Here) n1an fold•ng) the peaks hardly reach 
1 500 2 000 metres The great height of tho T1en Shan \Vb1ch 
1s also a Here; ntd.n S) stem IS due to the arched upltfts that 
took place 1n the Alptne period of mountatn making Anu 
lastl) none of tho peaks 1n the mounta1n systems dating 
from the Caledonian period (the mounta1n systems In Nor­
'' ay and Scotland) rise hrgher than 1 500 metres 

Principal Geological Structures of the Earths 
Crust The crustal movementsdescr1btd above lead to changes 
1n the ~tructure of the Earth s crust d.nd 1n the reltcf of the 
Earth s surface The gcologtcal strut.tures dtst1ngt11"hed 1n 
the Earth s crust are platforms geosynclines and folded 
zones 

Platforms arc r1g1d and stable area~ subJect mainly to 
rei a t1 vcly ltgh t oscilla torj movements 

Tl1ere are t''o stages 1n tho structure of a platform the 
lo,,t.r stage or founuat1on conSISting of thtck series of great-
1} tltslocated and metamorphosed Pre Cambrian rock the 
ttppor stage •~ sc\eral tens or hundreds of metres thick and 
11sually consists of horizontally bedded mar1ne sedtments 
or PaleozoiC l\IecioZOIC and CenoZOIC rock The strattgraphtc 
unconformtt} of the depostts of the upper stage sho,,s that 
tbC're ts l"Jlf"I rogcntc actt' It) 1 n tl1c~e area~ Local folrltng, 
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mnntfestctl 1n tllo formnLton of tlomcs and t1ndttlat1ng folds 
\"with gently d1pp1ng l1mbs somcttmes occuTh 1n tho scdttnon 
tary CO\Cr 

The foundation oi the platform lS nlternatcly raised ann 
lowered The ra1scd foundation blocks nre called antecltses 
and the Jo,\ered blocls synecl1ses Secttons of the platform 
\Vlth foundation outcrops are called shields The latter are 
thus tho most r1gtd portions of tho platform In tho post 
Pre Cambrtan per1od they d1d not subside but on tho con 
tracy underwent p os1 t1 vo \ crt1 cal mo\ emcnts ( u pi I Its) 

The platforms on tl1o surfaco of tho Eartl1 1nclude the 
Russtan the Siberian, the Australtan and the North Afr1can 
In c'\cry platform there nre sbtelds, for C"{ample tho Baltic 
anu Ub.ra1n1an shtelds 10 tho Russtan platform tl1o Anabar 
Aldan and Yen1se1 shrelds 1n the S1bertan platform, and the 
Canad1an sh1eld In the Canadtan platform 

Folded zones form In geosynclinal zones and 1re areas of 
tho Earth s crust ''hero folded beds are c"{posed on tho sur 
face Geosyncltnes arc tho most mobile sections of the Earth s 
crust They are affected b~ 1ntens1\0 varlatton'3 and there 
fore ha\e favourable conditlons for tho accumulation of th1cl 
(~everal thousand metres) sediments The~o sedtments are 
folded ruptured and greatly dtslocated by the foldtng mo\e­
ments of tho Earth s crust Dnr1ng these processes magma 
penetrates Into the sed1mentnry ~er•e~ through fractures 
and ''eakened zones In tho crust and forms var1ous 1ntru 
SlOUS lU them 

The enormous pressure caused by the foldxng proccsseg 
and al~o tho penetration of magma subJeCt tho rocb.s 1n a 
geosynel1ne to 1ntens1\e metamorphism so that they grad 
uallJ. lose the1r plasticity and ab111ty to fold Thus through 
orogenesis a geosyncl1n~ 1s replaced by n r1g1d and 1mmob1lo 
folded system \vh1ch mal' be described as a young platform 
In a gft-osyncl1no orogenesis ends ''Ith a general cpc1rogcnic 
upl1ft of the area and the ne'' ly formed folded system turns 
Into n mountain structure The destruction of mounta1ns 
by exogenous forces on tl1e one hand and the los~ of tectonic 
mobility on the other ltlttmately transform folded tcrratn 
Into a p1atforna 

Tho follo"\'\'Ing aro Indications of a folded rt.glon 
a) a th1ck sC"rics of scd1mentary anu Igneous rocks 



l)) 11\tcn~t\c fold1ng 
r) abund nncc of Inlrus1ons anti mtncr~ Is 
d) mct1morpi1ISffi of rockc; 
Tl•o Ural f1cn Shnn Alt11 (1-Icrcynlnn structures) Cr1 

m~an Caucas1nn Carpath11.n an(l Pam1r (Alpine structures) 
mountain S) stems nrc C"tamplcs of folded reg tons formed nt 
d1rrcrcnt times 

D1g mountain Sl- stems nrc usu~lll charactcrtscu bl com 
plc't comhlnattons of rupture and pltcati\o dtslocattons and 
tho most d1\crso folds and Inuits m1l' he obscr,ed tn thorn 
In some cn~cs hol\c\er one form ol dlsJocat1on prcdoml 
natC's \\1tcrc the diSJOined form predominates \\C find motln 
tn1ns '' tlh a blocl strttcturc, 1f fold dtsloc'\tions prcdom1 
nntc tho c;tructuro of tl1c mounlatns '"til bo folded 

Compared '' tlh tectonic format1onq somo of '\htclt stretc]J 
for tens and l1undrcd.s of k1lomctres compost to (\ olcanic 
~tornrs h1rkl1nns dunes) nntl nlso ilcnudntton (monndnocks 
fnrmc(l tllrougii the gcolo~1CO l octJon of '' 1 nd nn(l \\ atcr) 
mount 1.1n~ nrc 't tJ sm1ll 

In conclusion 1 t must bo notctl tl1nt the tectonic procc-45~cq 
'' lucl1 forme( I tl1o \\ orld s greatest mountn1n.s lin\ o not 
~n«]ed Gco~) ncltnr~ 1 c the mo~t mob1lo nrcas e~1c;t nnd 
conttnuc to dc\c-lop nntl cmrrgc ns 1S cv•tlcnccd IJ) tho rc 
g1ons of subsldcnco '' !1cro 1 ntcns1' c c;,cd•mcntntlon 1g proc~c(l 
1n~ 1\n example of n de\ clop1ng gcoS) ncl1no IS tl1o sccliOJl 
of tile Pac1 fie Ot.~1n cmbr \cJn~ tho httrJI lsl~nds J np,n 
l he 'lnlo) .~\n hJ p~lnp;o n nil so on An nrcl11 pcl1g1c (1n,ul1r) 
Jl1llern 1ntl ica.lc'J n l,1~1n nccumu lnt1 ng scdJ ments dcpo'3J tctl 
In Inter IS11 n(l ~lcp~fi:.$JOilq lhrougl1 tho 8 bl.nl1on o[ matcrlnl 
from the 1 IAn t~ OthC'r •n~IJC'1.llort'i of n dc\elop1n~ geO';) n 

t"l1n1l b~~•n nro tll{' .:;cnlc of tho \nr11.t1onq manlr(\~tc4l hy 
Ill rrl n. nl SlJ:n~ I tl d I rrl rent p,rt 'J of th~ L:l'iJ n lntcn'll vo 'ol 
t "\nac oct 1\ ll) on I i ntcn~ -tl srn1c1 t} 1\ll thr-'lliCc fe1tun ~ m 1111 
ft t l lu!·m"( I' l ~ tn tl~c \\ (' t Par 1 £it 



~tETA~lORPHIS}l 

By metamorphism 've mean a change 1n th~ constttut1on 
of scdtmentary and magmatic rocks under tho Influence of 
the tntcrnal proccsse~ 1n tho Earth's crust Tht pr1nc1 pal 
agents are he 1t directed pressure an£1 pneulllatol) SlS {the 
processes h) \Vbtcb m1nerals form 'v1th the part1cipat1on of 
ga~os and solutions released by magm t) l\letamorph1sm al 
ters not only a rock s structuro and te~ture but also 1ts m1ner 
al eomposttton 

1\ictamorph1c rocks are schistose and granular, th1s be1ng 
due to thetr reccystalltsation under great heat and Iol1&t1on 
under h1gh prtssure For example dur1ng mountatn butld1ng 
processes the rocls expertonctng great d1rected pressure 
fold ctumplo nnd '\\ear away \VIth the result that they be 
como lamtnatcd \vb1ch 1'1 qutto dtffcrent from the band1ng or 
latntnation of scd1mcntdry rocls 

The t'\o has1c forms of metamorphism nrc dynamic 
(due to pressure) and tlzermal (duo to beat) 

Dynamtc mct~morph1Sm 1s observed for c"(amplcl durtng 
fold form1ng proccsse~ at depths '\\hero the tcmperatuto 1s 
at least 200-300a C Thermal mctdmorphlsm usually man1 
fccsts 1tsclf whet"(\ pr1mary rock comes 1nto contact \\1th In­
trust ons (F1g 112) Another nnmo fot tl1crmal meta morph­
tstn 1s contact metamorphism 

\Vhcro contact metnmorpl11Sm takes place tho tn\ adtng 
molten magmn, \\h1ch requtrcs ~ long ttmc to ch1ll acts on 
the sedimentary sc~1cs 1n all dtrcct1ons m(\olttng It nt tho 
po1nls of dtrect contact nnd trnnsm1tt1ng 1ts heat {800° C 
nt tbo potnt of contact) o'\er largo areas Nc\\ m1ncrnls thnt 
form a eantact aureole uru do~clopad tltrouga tho m1x1ng 
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FJg 112 Contact bet'' ccn 1n 
lfUSl\ C (1) onu sedimentary 

('l) rocks 

or the mtncrals of tile mollcll 
magma '' 1th matcri'l] from tl1o 
melted sedlmcntarJ: rocls Tlto 
number of tl1cc:.e nc'v minerals 
depends on tl1o m1ncra.l content 
of the m.-.gma ~nd tl1c sediment 
1.r~ ~cr1cs 1 t IS In' adtng 

ror e-xample ,\]ten granttc 
magma comes Into contact \\lllt 
scdtmcnt'1r) quartz sand and 
sandstones l1a.rdl) any nc'v m1n 
erals arc formed But ''bon It 
lll\ a des 11mcstono ser1cs tlto nc'' 
mtnerals tlu1t form 1n the contact 
aureole nro ol1en to botl1 tl1o 
mngma and tJ1c ltmcstono A sc 
rJLS of tr~ns1tion1.l zones nppcar 
bct,,ecn tl1c grantlC m'lgma nnd 

tho 11 meston( 1nu tho fartl1cr thts scr1cs 1s from tlto grant to 
m1. ~ tbc gn "l.tc-r 1s tltc- number ol bas\c roch.s tcprc:~outctl tn 
1t Lo til pure l1m~stono rctr) ~tall1ses and turrt~ 1nto marble 
1 n nrc as '' lu~~re mel teLl ltmcstono docs not m1 't \\1 tl1 molten 
m:1gm3 In tho U r~ls \\hero grnnt to come~ 1 nto cont 1ct '' 1 tit 
ol1 \ tncQ; the I'll tcr turn 1 nto ll} drat a r1Cl1 t1lc .n n1l cltlorlto 
c;rh1c:.tq 

1\s J:'3 t.S '1puur9 nnt.l p1rll} \\ ,tcr solutJon3 mo\c 
t hrou~l1 fi ures 1 n the colder parts of tl1c lltllo~phcrc nn(l 
1mpn~n,tc 11rgL nrcn~ of tho fnrtl1 s cru t tl•ry causa rock~ 
to ~o l\1rou~lt a tnn.-;{ormat1on C)Clc kno\\n as pneumatolytic 
Dlf't 1.morpl11 m 1 r the ngents n rt hot ga C'3 anrJ \ npours '' 1th 
uut the- p1rt 1C1p1taon of '' ,t~r or l~ydrothermal mctamorpl1 
1 n1 1 f the Jln>c~ -.; 1 n\ ol \ ~q supc-rbC'1.tf'(1 rn1 n~ra 11 "crl \\. atrr 

II(' J t n I ) b r-c 0 rn ( '\ I n \ 0 I \ l ~I I n the pro c ~ ~ I r u u d (' r l h 0 

\\ l J;:llt of n~'\ l II mr nt~ or 8i n n suit or tectoniC Corel "i ll 

crll ~ of ncrumuJ 1t 1 n;:: ~ 1...3 gr1d ua II) sub HJ("q 1 nto llc-cpl r 
z )nl '1 or t fH I :~ rth -. cn1 t In t lu q c,~o then. 1 ~ no contncl 
1 .... t '' N. n co II c l1 ntr ntniJ .. riC'i in 1 t n\ .o(l t n;:: rnngma n 
~ ! 1m nta11 r1 ~ ro\ (\tl n;: n 11rg",.. nn 1 1 nlq nnllorm1} 1 nto 
a n. ~ 1 o ~ o ( 1 n t ( n ('II h r-, t ~ \ ~ l h f") 1 n l tl J e (\ d 1 m £l n t ,_ 11 IJ c ! 'i 
tr--t tutn It \r) '\ pll llL nn flhf'n p(} .,1bl) Into 1 nu1~J tnte 
I ... t -,al r'l'tr~r-,rii!M ~~ m~nLfl te I hen 
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Although at small depths the l1ydrostat1c pressure 1s not 
very great 1n the Earth s crust 1t becomes enormotts at a 
depth of 10 20 l.tlometrcs On tltc a\erage n rock column of 
fi\e metres (\v1th a base area of one square centimetre) pro 
duces a pressure of one atmosphere Thereforo at a depth of 
5 000 metres the pressure must be 1 000 atmospheres and at 
a depth of 25 000 metres 5 000 atmospheres Comhrned \\.tlh 

htgh temperatures (up to 1 500° C) th1s colossal pressure 
causes bas1c changes 1n the state of rocks maktng them plas 
tJc Reciprocally displacrng each other, these rocks at the 
"arne t1me grtnd each other Into fine part1cles (th1s process 
IS called melontt1sat1on or gr1nd1ng) A clearly defined 
schJstosity appears 1n rock 1ts m1neral components hcJng ar 
ranged 1n parallel l1nes 

As ''c have already stated near tho surface of tho Earth 
temperature and pre~sure do not pla) the same rolo as at 
great depths That 1s why the reg1on of rock metamorphtsm 
l1nked up 'v1th tho stnl1ng of sed1mentary series Into the 
111\renor of tho Enrtht 1s d1vtdctl tnto three zones thf) upper 
zone or ep1zone {zone of superfictal transformation) the mid­
dle zone or mesozone (zone of med1um transformatton) 
and the bottom zono or hj pozone {zone of abyssal metamor 
phzsm) 

In the epLzone tho temperature and pressure aro relat1' c 
ll lo\v The metamorphtc rocks that form 1n tb1s zono ha' c 
a clearly defined schJstos1t-y and t.he m1nerals are lamolJar 
and scalj, their long axes be1ng at the normal to the acttng 
force 

In the mesozoJ'l.e the temperature and pressuro arc btgher 
Prov•dmg tho conditiOns for deeper rcccystalhsntton of sedt 
rncntary rocl..s 1\Icchantcnl disturbances 1n tho form of fis 
surcs faults and so on nrc also obscr,cd Tl1o rocks de, clop 
1ng m thrs zona arc m1ca schtsts, amph1holo se1ust and gnctsscs 
'rho first two •neludo feldspar m add1t1on to mtca born 
hlcnde prcdomtnatcs m tho latter Crystalhno schrsts, \\Inch 
nro metamorphosed moro thnn nn) other ~c}Jists !requentlJ: 
occur 1n tbts ZOllo 

In t11o hypo~onc the tcmpornturo 1s O"<tl'C'mcl} !ugh and tho 
prcssuro trcmcndom'l In tlus zone rocls undergo 'Cfl deep 
tccr)stnllas~tton nnd nugltc nnd oli\Ino nrc the most \v1dc 
sprcn~l of ll1c ncocr) ~ta lit ctl m1ncrn 1'; 



If tb1s substll1ng sctl11ncnt ~rl hl r1e~ 1 'i 1 n \,,led b) m1g1n 1 
t Ito abo' c tr~nsformn t 1 on seq uc 11rc '\ 1ll be cons1 c.l c r1. b l} n I 
tcrcd In nullitiOil to tllo lnflUCilCC of prLSSUrL tlt~ro '' •11 ho 
phcnomon'l cngcndcrcfl by cont1ct mct1morpii1Sm J\ dc­
scri pt1 on of the pr tnct pn l me tn morp b 1c roch.s '' 1ll be f o u Dfl 1 n 
tho section entitled Tho Lttltosp1lcro" 

D} namtc mctnmorplt1sm ''ltlcltts called forth by mottnlntn 
bu1ld 1 ng processes 1 s o I so kno\\ n ns d 1 slocn tt on mctn mor 
phtsm 

DRIEFL Y ;\80UT Tllf E~\RTII S .~\GE 

Througltout history m1n hns been nttcmpttng to deter 
mine the Eartl1 sage In anctcnt t1mcs tl1c n,sults of these at 
tempts dtffcred grcatl) In the Cost (CII1na nnd Japan) for 
example tho v.orlll s ngc ''as gt\Cn as sc,cral tens of mlll 
cnn1ums and by soma .scholars as o\ cr 100 000 ) e'l~ 
In the :l\ledJtcrranc1.n countries the Enrtl1 s ngc '' ~s (lctcr 
mtncd as bctng about 5 000 ~cars (hoforo our ern) Th1s figure 
\\as at-c.cptcu b~ the ClltlSt\ an \\or ld tb.ro\,g l1out tl\e ~l1d(\ le 
Ages 

All tl1o old conccp ts '' cro u psct throng 11 1 n \ e~ttga t1 ons of 
foss1l fauna and flora Palconthologtsts ''Ito found ch~ngcs 10 

numerous generations of tho animal h.1ngdom cnmc to 
tho conclUSIOn that It required much longer than a fc\' ]IUD 

tlrcd thousand j cars for ltfo to de' elop on our planet 
Attempts \\ere rondo to dctcrm1nc tho ttmo that \Vas tuk 

en bJ- some of tho processes on Earth It \\US surrnlc;.cd for 
example that ortglnall) the '' nter In tl1c ocopn. ~'' 'lS fresh 
Tl1c reason 1 t dcr1' cd from a tmospl1eri c p rCct pt tall on '\ l11 ch 
contatns pract1call). no ~alt nt. all Tod1.) ocean \\atcr IS 

qu1tc snl1ne t\' cr.,~• [l_g 3 J 5_gr1.mt;; of s~~~ per J•trc Tl11S saltJ 
IS brou gl1L from land h} r1 \ crs '' l1 oso ''a tcii ha vc a cons 1 d!!,r 
able content of m1ncrals Ocean ''atcr c\ aporatcs ond IS 

returned to land as prec1p1tatlon b) '1rtuc of ''lltch the 
r1' crs en ri') hugo qua nt• tics of salt to tl1c ace an ) car after 
l car Tl1e quantlt) of salt annunll) carried by rl\ors can be 
calcu\aled ~1oreo~er \'\O lno\'\ l~o\v mucl1 'vater tl1cro ts 1n 
the ocean It ''as therefore not dtfficult to compute that 1t 
tool the ocean appro"ttmatcll l11lf a m1llton len~ to reach 
1 ts prc~cnl lc\ cl of saltnll) .. 

266 



TlttS methotl of computnt1on 1s not fat1ltle~s because 
a) '' o do not kno'v \V bat, tho 1n1 t1 a 1 sal1 n1 t J o i tho ocoan ''as 
and b) ''o take no account of the b steal and chcmic~l .roc 

. .P. c,SI:\CS ta mg place m ocea11: w~~er the :_} ta~ ~tl.mty_Q f. 9rgi! n 
isms in _part! c ular =· !\1ari no d \\ cllcrs ]} Ulld their she Ietons 
lrom. the sal£ in the sen, o.nd the) accumulate salt In the1r 
bocltes There IS for tiL.tanrc very l1ttlo IOdine tn sea 'vatert 
yet somo algae concentrate It so tntcrnt\el:} 1n the1r bod1es 
that 1t 1S obtatned on an 1ndustr•al sc tlc from thc1r rcmatns 

Tho figure 500,000 years produted by such a s1mplc ar1th­
met1cal calculatton, as the Earth s ngo cannot therefore be 
cons1dered accurate 

In somo areas ''o find v,ned clays whtch arc so far 
as '\\C kno\v, SJ.lty sediments deposttld 1n closed reservoirs 
The var,ed character of these depos1ts 1s due to the alterna­
tion of thtn (sE voral milltmetres) la) ers of s1lt and fine s1nd 
It was suggested that the laj crs of stlt \"\ore depos1tcd during 
lo\v 'v 1ter seasons and the coarser matcr1al (sand) 'vhcn 1cc 
tha,\CU ptecipltation 1ncreasPd and turbid ''ater flo"\\ed 1nto 
lakes E.a~!t pa1r of layers thus represents the result of a 
years s a~cumulat1on of scd1ments The th1ckness of the la) cr~ 
hns been measured I\..now1ng the thtekness of the ent1ro 
dcpos1t and d1\1d1ng th1s th1ckness by tho thlckness of d 

pa1r of layers '\\ e bet a figure sho\VI ng the t1 me 1 t took a partic­
ular deposit to accumulate For some lakes tho figure ''as 
1..5100_0 20.00Q. vQ.ars 

But thts figure ·only concerns one of tho lttcst per1ods 
of the Earth s ltfe '\\l1en sedtment filled rccservo1rs ''ere al 
ready 1n ex1stencc fhesc Tescno1rs BJlpcarcd aitcr tho TC 
treat oi a huge teo sheet from tho terri tory ol Eastern E uropc 
'Ve thus only ha,c a charactertstic of a very short per10d of 
the Earth s ltfe 

oact1vo method of deteruliUtng the Earth s abso­
Iuto ago was usc 1n recent decades followmg tho dtsco' try of 
rad1um Thts method ts founded on the fact that the atoms 
of somo unstablo elements, chrefiy urantum dDd thor1um 
tlts1ntcgratc contiDtlously t form1ng atoms of other clements 
Tho stable end products of decay nro holtum gas and 1ncrt 
metal lead Tho helium volaL!liscs tho lead accumulates 

Tltc ago of a mrnoral can be computQd by fmdtng tts rcla 
ti\C content of n radtonctt' o clomont and Icatl or hcl1um The 



same concerns tho rock from 1\ltich tho mineral has bcon ex 
tracted Tlt1s holtls the l..cy to tho appro"ttmate ngo of tJ1o 
Earth s crust 

1\fost gcoph)SICists no\v agree that _tho ~arth has c~tstetl 
a~ ·a pl~Jict for 3 000 G 000' million ")Cars ns I thlS 

method 1t has· been established that tho Earth s cru'3~, Is 

3 000 4,QOO m1ll•on l ca"rs old In addi-tion tho radio 
actiVO mctlio(] bas been used to dctermiDC the duration of 
'ar1ous pcr1ods of the Earths dc,elopmcnt 1\luch has been 
done In this field by the So,tct sc1enttsts V VLrnadsk), h. 
Nenadko,Ich and V h.hlop1n 

fho time 1t took various rocks of tho :Carth s crust to 
form cannot al,\a)s be expressed 1n absolute figures It Is 
more usual to determine tbetr rclati\e age Thts rolatt\C age 

. ts ~ound bv: d1~1dmg tho E;art.h s h1sto2} Jrito pCrtods of the 
~ C"{lStcnco of definltO sroups af flora an fauna A study of 

fossil fauna and flbra snowed a gradual oUCCCSSlOD of forms 
1n t1me and that th1s succession IS go' crncd hJ: a dcfintte 
process of progrcss1 \ o de\ clop n;tcn ~ . Qf organisms The most 
prtmltl\0 organisms occur lD tho oldest }aj.Crs 1\fany fOSSils 

occur In bods dopos1tcd at definite per1ods and do not reap­
pear In tl1o Larth s h1stol') Tl1oy are tllt.rcfore called gulde 
fosslls 

Bl cstnb1Is1Itng a defintte successton of organic forms 
scientists ha' e been oble to tllstingutsh the corresponding 
periods 1n tho Earth s h1storl Tho basi~ un1ts •n rclattve 
gcologtcnl cl1ronology ore an era ombrac1ng a maJor pcrtod 
of tho Enrth s eXIStence and a perrod ''btch 1s a part of an 
era In 1ts turn the pcr1od Js dt\:Jdcd tnto smaller un1ts (epochs 
and ages) 

Scrtcs of scdtrncnts containing organtc remains '"cro dcpos 
tted on tho Eartl1 s surface or In rcser\ otrs dur1ng each era 
A series of scdtmcnts deposited during a definite era IS called 
n group of scdtmcnts and a ser1cs deposited •n the course of a 
dcfinttc per1od of tho Earth s l1fc ss called a system 

A s-ertcs of s uc ccss1 \ c eras 1 s thus d 1 st1 ngu1!Jhed 1 n the 
Earth s ltfc Tl1c oldc-<t 1s tho Archean nra \\lien no plant or 
nnJm,_l organlsms could c:x1~t It IS follo,,cd by the Protero 
... o1c cr, tlur1ng \\htcl1 tho s1mplc t forms of l1fc appeared 
The nc"tt 1s ll1c Paleo o1c era'' 1th 1ts abund~nce of )O\\Cr 
t\ re~ or .=tnlmal~ ,n,J plants 11Jc A!eso.,OlC era the ne-tt ID 



Chatt o[ Ccolog•c Ttme Table 6 

Era (group) In :1ex Per io 1 (systern) Index. Dpocb t 1l v 1ston) Index 

Cenot (JlC k.1 

l\le OZOlC 

PJleozo1c 

Prolerozo1c I P~ 
Archean.. . .. ( A 

Quaternary 
(1 000 000) 

~~ogene 
{27 000 000) 

PJ.leogcno 
(32 000 000) 

Cretaceous 
(70 000 000) 

Jurassu: 
(25 000 000) 

Tr1asstc 
(30 000 000) 

Perm1an 
(2J 000 000) 

Q 

N 

Pg 

J 

T 

p 

CarbomferomJ C 
( 5 cs 000 000) 

Devonhtn 
(55 000 000) 

S1lUr1an 
l t 20 000 OOfJ) 

C1mbr1an 
\60000000) 

D 

s 

Cm 

llolocenc 
P letstocenr 

Pf1ocene 
~[tocene 

Oligocene 
Eocene. 

Paleocen a 

Upper 
Lov. er 

~falm 
Dogger 
Ltas 

Upper 
?\1Iddlc 
Lowrr 

Upper (Tata1) 
I ower (l{azan) 

Ural 
1\loscow 
D1nant1an 

Upper 
ltl1ddle 
Lower 

Upper (Goth 
land) 
Lo\\er (Ordo 
vtctan)• 

Upper 
J\llddle 
Lo~er 

Oa 
Ql 

Nt. 
N1 

Pgs 
Pg 
Pgt 

The subdtVlSton~ are o[ local unportance 
(t 500 000 000 2 000 000 000) 

• No\V cla~aficd as un 1ndrp(\ndcnt pcr1od 



rl1ronolog~ \\ tlnrc=,$f'tl tho r\ olut1on ,,r lliJ.,111) orn1n1~C'tl 
n n II 11 n 1 ~ n n t I }ll n 11 t c; '\ In c lt til rr l rl 4) ,::: rt n t I} I ro III Jl rt ~(' Ill 
tl \l ( llllrl. 1\1141 flor 1 fJJc l1l£'~t IS lilt.. (rJIO ole l'r 1 Ill\\ Jncl1 
Ulll nt1]q nlli] pl1nt 'l tic\ c}opct1 Into the forJUS \\ C J..nO\\ locln} 

\\ v ~ltnll not stop to tlrtna \ tl1c Artl1c1 n nn(\ l'rot{'roZOIL 
er1~ },ut ~h~ll no to ll1nt t1lc Pnll"ozo1c l'r"l l1ns fi' c tn'lln p~ 
r•od~ CanlbrlQn StlurJan Ordo11C1nn /Je1 on ian Carboni/ 
ervus nntl 1Jcrrntn11 llu:• ~[rc:::.ozoJc rrn l1n~ tl1rcc Triassic 
JurassiC and Cretaceous Tl1c Ccnozo1c {i\tozo1c) IJJ...c,, •~ l11~ 
tl1rcc Paleogene 1\ eogrn.e nntl QuatrrnanJ (1\ntl•ropogl"nr) 

The n1mc-s of 111c d1' 1s1ons o( tiic PnllozoJc cr1 (CimLr1nn 
Stl ur• ~n De\ on1 .,_n nrHl P~rm1nn) tlcr• \ c from tl10 locn l1t teq 
\\hen.. the cornspo11tl1ng tlcpostls conl ~· ntng rll1.r,.rll'rl~t 1c 
fos'3Lls \\cro first d1st...o\ crLd fho CarLon 1ft rous '\ns so J11mctl 
to designate the pcr1od of tluJ' coni rne1surcs sucl1 ns tho Don 
cts 1\losco'' und other bast ns formed h.) t h c lu 'tU r1 n n t ' cgc 
tu.tton tltnt appcnred on the Eartl1 for tl1o n~t ttmc 

Tlto Tr1asstc pcr1od of tl1c l\lcsazoiC era 15 so C1llc<l Lc 
cnuso tl1c 1It11ologlC11 compostl1on of tbo rocls nllo'' s tl1c 
ucposltS to bt dt\'ldctl Into tl1nc tltf[crcnt formattons tho 
J uross1 c pori od gets 1 ts name from t l1 o J u r1. I\ I ottnln 1 nCJ '' l11 r l1 
c\. tcn<l Let'' con Frn.Ilcc and S '' 1 t zcr I a ntl \\ ltc rc tile c orrcspo nd 
•ng dcpostts ''ere first debcr•hcd Lostl~ the Cretnccou~ 
peri ad 1 s named after cl1 dlk \\ l1tch '' as d ~post tc d 1 n l ~rgc 
qu1.nt1 ttcs for tl1o first time In tl11s pert ad 

Tlto pcr1ods ol the CenozoiC era \\~ro n1.mc.(l oftc.t tl1c 1.n1 

mal kingdom of tl1e era In the Paleogene '\O finu tl1o rcm11ns 
of vertebrate~ that are no\v e'\:tinct Jn tl1c Neogene tho \cr 
tebratcs approached the form of mod~rn rnnn1mnls Anc.l 
lastly tl1c Quat crnar) (An tllropogent) 1 s cl1 nract cr1 ~crJ. b) 
tl1c appearance of man A brtcf description of tho crns nnd 
pcr1ods 1s g1' en 1n Table 5 

The baste ago dtvlSlOID3 (eras groups antll)~rlot\s <i) stem~) 
arc USUally gtven In abbre'\Iated form by lDtlC'\CS of lllC fl~t 
letters of tho Lat 1n name of the g1 \en d 1 v 181 on A tll \ 1S1 on 
c:;mallcr than a per1od 1s designated '\lll1 a figure \\r1ttcn on 
the r•ght of the 1ndcx of the coJ-rcspondtng pcrtod Tl1us tho 
1 nd c "C of tho Car bontferous sl stlm 1 s C of Ils lO\\ cr tl1 \ 1St on 
C 1 If tl1c dt\lSton IS further subdiVIded tnto st1gc.c; or forma 
llons tl1c 1 'lltcr nre de~lgn 1.t( (l ns fo llo'\ ~ C ~ C n ntl 
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so forth the figures corresponding to tl1c sequence of sec.l1 
mentatiOn 1 C c• IS older than c: b\lt }OUnger than Ct 

The 1nde"\:es of eras, per1ous and the1r dt' I stan 1nto epochs 
are gi\cn 1n Tnble G 

11\POTHESES ON Til~ DEV:CLOP~IENT 
OF TilE EARTII S CRUST 

The approach to the problem of the formation of the 
"Larth s crust has been d1fierent at d1~i~rent t1mes depcndlng 
on tho state of kno\vledge 

The hant Laplace nebular bl pothes1s of the ori&,In of the 
Earth 1nfiuenced the tectonic '1{ ''s of geologists at the bcg1n 
n1ng of the nineteenth ccntucy In 1829 Elte de Beaumont 
ad,anced hts contractton hypothesis of the formation of the 
Earth s crust Th1s h) pothes1s was based on the assumpt1on 
that as the core of the Earth cooled, the hard outer crust fol 
lo,,cd su1t crumpl•ng and forming folds or mountains 

It" ns 'varmll rccetvcd by geolog•sts and 'Va'j the dom1nant 
tecton1c l1ypothests of the nineteenth century 

Some follo,,crs of the contract1on hypothesis ha\C com 
putcd hovw much the strip of the Earth s crust no'' occupied 
by tho Alptno mounta1n system had contracted Albert He1m 
for Instnnce gave tlte figure a~ 120 kilometres and later tn 
crcas~d 1t so,oral t1mes Other sctent1sts suggested tl1at 
th1s 'Str1p must ortginally have been more tbnn 2 000 ~ 000 
k1lomctres '' tde 

E Haug took the contraction theory a step further lie 
appl1cd tho concept of geosyncline~ (tecton1c troughs \vhero 
tntcns1 ve sed tmentat 1on takes pI ace) advanced by James 
D\Vlt_ht Dana, Harry F1eldtng Rt1d and other geolog1sts 
to cxplatn somo of the phenomena obscr\ ed ''ben moun­
tutu SJ. stems are stud ted 

H1s thcoey 1s that 'vhen continents ~uhs1dc 1 the teC'tOniC 
troughs (gcosyncltnes) usually sttuated bct,,cen them a~ 
compressed from t''o dtrcct1ons and that this leads to the 
format1on of n folded 2.0no along c1ther stdP of tho trough 
The folds are t1ltcd to'' nrds the conttncntnl area (platform) 
nrll()\ntn~ tbom For c"'tamtJle, the Bcthtau Cordtllcrns (1n 
the Ibcrtnn Pcntnsuln) lhc 11 l ronccs ll•c Alps tl1c Cnrp1tli1 



nns tl1c Balkan and the Caucasian l\lottnlatns ,rc t1ltcu to 
tho nortl1 '' htlc tlto Atlas l\lountatns (1 n Afr1c1) the i\ pen 
tllttts tl1c Dinaric Alps and the Hcllctttd.cs (1n tl1c llalkar1 
l)cn1nsula) the Taurus 1\Iountatns (1n Asia 1\IInor) and tho 
Iran l\lounta1ns arc t1lted to the south 

These 1dcas \\Cro further dc,elopcd bj Leopold 1\ober 
\\ho comp1lcd n diagram sho,,tng the structure of all cont1 
Jtcnts and ocean troughs As hts basic un1ts h.obcr used oro 
g<'nlc zones or orogens Into '' h1ch geosl' nclincs arc trans 
f ormcd and kra togcn1 c fields or kra to gens ~ spec1 fie tccton1 c 
l) po of st1.blc ClJ stall1ne structures (shtolds plates or plat 
forms nccordtng to some authors) Contrary to some folio'' 
c~ of tho contraction thco~ (:Cdu1rd Suess for c....:1.mplc) 
\\ l1o flatly t11scla1m the possihtlity tl1nt largo orcns of the 
r 1rtl1 s crust can be ' crt 1 ca lly u pl1 fted h.o bcr n t taches 
great tmportnncc to theso mo'\crocnts They aro no\\ called 
t pc1rogcnlc (conttncnt mak1ng) or gcocraliC (land 1ncrcns 
1ng) 1f the) nrc d1rcctcd UP'' ards nnd t!Inlnssocrattc 1 f they 
., rc d 1 rcc ted do\\ n'' a rd s and nrc accom pn n1 cd by an nd \ n nee 
of tho sen 

Nc\\ 1dcns \\cro put for'' arJ. at the close of tl1c ntnctccntll 
t cnlUIJ On tl1o one l1and these ruled out tho processes of 
Lomprcss1on and on tlto other supplemented nnd supported 
the contraction tlu~ocy Ftrs~ of all mcntton must bo made of 
tho JsostoS) tltcory (tcachtng on cqulllbrJum) \\b1ch '' os do 
'C'lopctl b) Clarcnco I:d,\anl Dutton nnd supported by l\lar 
rei Alc~nntlrc Bertrand I Lukashc\ tch and others Accord. 
1n~ to thts tbcoij the Earth s hctcrogtnous cn1st \\lllCil 
run~~ilsts of ccclloM of dtffcrcnt m1ncral composition nnd. 
< orL cquentl) of d1ffcrent dcnstl} l1cs on ltqutd m1gmn 
Tltc.q,c t para to cctlons nrc therefore submerged tn th1s 
n1 ,~m1 to 'nr1ous dcptl1s d~pcnd 1n:; on thetr tlucJ..ncs~ 
nn l den_ 1 t) 1 n the- same \\ .O} 89 obJects of \ nr1ous dcns1 ty 
n ,,l on \\ 'lter The urlncc of the 'nr1ous ectiOrLC~ \\as or1g1 
n 1ll' nnC\CtO Dl.nut.!atton smoothed out th1s unP\ lflnl ~ 
nIt I mo\ ( I n13S,CS or mlner:Jls fronl L lc\ atld to IO\\ l r I} In~ 
"" 1."-l Tiu~ cau e.,l n lh~n:;o 1n the Jo1tl m1dc tht IIghtcntd 
1 rt '1~ rn 1rt. I un} ant n n I ... uhmergl d tl1o O\ l rlu Hfld nn '1~ 
It P<" r 1 n t n t h L m , ~ m n. f r a c tun c;. n p p r a. rl « l b' t \~ ct 11 t h o 

, t\ a~ t t n rnr t ton \I 1::::-m 1. ro c , I on~ thr P f r,ct urr~ n n I 
1 ~ n t r, lt I rt ~ L. ~ • n n. a 1 n-:: t h (' 1 r '' c J ~ h t ...~ n I dE~ t u rL 1 n b 



the1r cqutltbrtum Thts thcot") \\aS sharpl) cr1ttctscd the 

matn potnt bctng tl1at 1t reduced the cnttrc geological proc 

cs<; to a one stdcd trend asscrttng tl1at dtsplaced ma~ses 

can only mo\o tn one dircctton because \\hen masses arc d1s 

placed they cannot return to thetr ortgtnnl pos1tton In other 

\\ordst one area '"1ll be continuously lostng 1ts load and r1s 

sng \\htlc anotl1cr \\Ill be stnk1ng Once \CIJ \\tdcsprcad 

tbts Lheot) 1s nO\\ accepted \Vlth substanltal rescr' attons 

V Obruchcv satu \\1c can assume that the I:artl1 s 

htstory conststs of long e\oluttonar; pcrtods tn '\htcll tl1o 

struggle bct\\Ccn comprosston nnd cxpanston does not cease 

but ''eakens and mantfcsts 1tself 1n osctllatocy mo\c 

mcnts and 1n tsostattc compensation of equtltbrtum dt-.sturb 

anccs artstng 1n the rc'\loluttonary pcr1ods Alternating \\tlh 

e\olut1onacy pcrtods the latter are shorter and arc marked 

b} an Intcnsificatton of tlto struggle bet\vccn compresston 

and c~pnns1on \vhtch ts sol\cd spasmodtcall) and leads to 

sharp changes 1n the surface reltcf Eacl1 pertod mn} be 

called a cycle and cons1sts of a number of phases correspond 

tng to the temporary triumph o{ eompresston or expansion 

Thts alternation of comprcsston and c~panston has been 

named pulsatton and the hypotheses arc therefore called 

pulsat1on hypotheses A number of tbeortcs deal spec1ficallj \Vlth tho hortzontnl 

dr.1ft of continents The most t) ptcal of these 1s tl1o theory 

of tho cqu1pondcrant '\antlcrtng of grantttc conttncnts on 

a hasalt1c substratum Proposed h) Alfred Lothar \\rcgc 

ncr tl11s theory states that ortgtnally the grantttc shell de 

\eloped as a thtn untform la3er o\cr tl1c cnttrc surface of 

the Larth but tn the Pnleozotc era ccntrtfugal forces collect­

-ed 1t together 1n one cont1ncnt At a later era tho same forces 

~pl1t thts continent nnd scattered 1t O\Cr tl1o surface of 

tho planet formtng the present, conttnents ~nu 1slands 

Tho general ptcturc of the dr1ft accortltng to thts thco11 

1s ns follo\\S Tl1o t\\O Amer1cns broke &\\.n) fron1 Afr1ca 

and Europo and ''ere mo,cd far to the \\est Thts brought 

the Atlanttc Ocean tnto be1ng \\htle the rcststancc of the 

basalt1c substr1tum to th1s ''est\\ard dr1ft ga\C rtsc to the 

Andes and the Cordtllcras Afrtca broke a\\ ny from Astn 

pnrtl) turntng soutl11n n clock'''sc dtrcctton lcn\1ng space 

for the lndtnn Ocean Austrnlia nnd Antarcttca brol.c 
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lll\ nl frorn 1\rr•rn nfltl 1\~11 tlr1ftr I cout Ia nn I rnn\ ttl n1 ,rl 
I In pn. "surl 1l1 fll ll ,1 lrofn I h pnlt ~ l n tlu 1 rJtt,l nr r n u~t I 
n\uunlnln ~~-.....l( n1~ l'' r1 ( tn till .r<11\lll\t.. nl~ ll\ llu c. ,,,,ll-tt 
front t ht ,\ tlunt u I o llu l'nt.. lli-4 llu III"U l1 r nn ..._ 1 n tin J\ l 
lnnl1' (lht 1\nl1ll1 ~ nud ~nulh lln\\l1Jinn J~lnn I~) nh I lh£' 
I, H 1 fit (llu t\l('utlln~ tht J,urll~ Jnp 111 tin l1h1l1p111JU ~ 
UUII tht ~undn J.,lnnd"') Ufl rr '~rut Ill"\ uf rnnllfll nl"4 thnt h1+l 
liJ,J . .,l d lu .. Jun~) In lhl '1)\lf'tl ur I bt. 4lraft 

\ lllluu 0\ II ll tl n nurul~-rr nr tOil ult (1llnn-t4 lh1.l -~~~ 
pro\ ctl lhL 4lr• It l h1 nr) I h u~ tlu \\ t J..( zu r l1) 1~otln ~~ ~ l nL, ~ 
nu I( ~ ouut ut n II or ~lH h I rnpnrln nt I ( rl 0111 c r H tOr"' n~ 
u t ll)nlor} lllU\ llllenl ~ !\ lll)ll r 1lnc~ I l ftl pl11 U llll- (lltrno­
lllllll of llltt. rlnlllClnt Jul,lln~ •f th{' hnr.t tlllt ~ul ~tr 1lunt I'\ 

~uftt r th 111 the gr1 ntll( t-onllru nt l Itt n 1 t nn~I 11nl l ho flo1l 
tUg t.Uillllllllt hoult( fo(tl nu1J 1£ ll Jlr.\ flnrtllr ll "hnu(tl n~ 
n11Ln molionll 'i f urthcr thr L nl1n lu tnr} of lhl" I nrth 
~hu\\~ tl1nt tllough «1lffl n nt 111 ,..,tru<. tun' thl otP1UfiJ nn~l con 
L!nlnts nrc ldLnttcnl glulcllOillt nil) flu' unll) IS c'cltult tl 
h) tho conll llLntnl drtrt till Or) I nstl) lhc qoun..t ur the 
forLL~ rna\ 1 ng lite conttnent ~ 1~ ttnkno\\ 11 llC'Il h~r t ~tit I 
ol tr It ltOil tlOr lCJll r1 £ugal forll ~ oro 'iU(fic IC'Ill l(> l 'Pill U 

tlus mo\CmLnt 
An nt tc1npt to clnr• £} tll(l lntl~r proh lr111 '' u~ 1nntlc lt) 

!\I Dogolcpo\ '' ho en n1o for\\ 1-nl '' 1tlt t ht. tdl n tltnt the S11lll 

la\\S govern the mo\cmcnt of gnc.~s and llqUtlls ns Cl cion~.., 
Ltqu1d mngm1. cannot rcmnlll Jnolionlc~~ ctcrllnll) \\hen 
1 t IS SLt 1n mot1on 1L \\Ill mlgrnto In nccord.nttcc '' 1 tl1 tlto In\\. 
of C) clones antl an t1 C) clones n nd 1 t s mo' (' n1cnt 1 s t r1n~n11 t 
ted to the Cnrll1 s crust At\ c"'tnmlnat1on o[ tl1c gcomor}\llo 
logtcal forms of tl1c I:::nrtl1 s surf1.ce (tho outltnls of cont1 
ncnts and tnsular arcs) \\til qu1ckly sho\\ tl1nt In tl1ctr nrrnngc 
mont there IS a rcgulnr1 ll thnL reflects tho clloractcr anti 
forms of subcrustal C) clonic. nntl antiC.) clon1c nto\cm~nts 
nut c' en tl1csc clar1 ficnt•on~ c1.nnot cl1rnt nate other '' cnk 
ncsso') of tho conttJlcntal tlr1ft thcorl' 

J ol1n J olj ad vanccd a h; p otl1csts on tho s1g n 1 ficn It co of 
rau 1 oact1' c processes 1 n geotcctontc processes It '' ns sup 
ported hJ. A A-rkhangelsk} '\nd othc~ L1ke \\ c-gencr l ol) 
assumes thot the continents nrc a s1altc (granitic) m~'is '' 1th 
a dcns1ty of 2 7 floJttng on a stmattc (basaltic) bell ''l1oso 
dcnstt) Is O\Cr 3 0 Continents '\ttb n th1ckncss of liJl to 
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35 000 metres nrc submergetl 1n the basaltic bell to a fleptl1 
of 30 000 metres 1n the sam( '' 'l) as Icebergs an. submerged 
In tho ocean The P1c1fiL Ocean l1ns no gran1t1c la:,.cr ''lltlc 
1n other ocea.nq the la) er 1s 'er} thin Tlte continents re 
matn tmmobtle as long as tlto basalttc bed I':) hard But the 
beat from radlortclt\C Jccay acts on thts bed 

Joly has calculated that the heat the Enrth loses through 
radtatton 1'3 compensated at a certain ueptl1 h) an 1nflo'\ of 
beat of radtoactl' o ortgtn '\ h1le st111 deeper at approxtma 
tel} 48 000 metros the 1nflo'v of rad1oactive heat e'\.ceeds 
the heat lost through radiation and 1t gradually accumu 
lates In tho courso of o per1od of 33 to 50 mtllion j C'lrs the 
temperature of the basaltic bed at thts deptl1 rises to melting 
potnt Thl'l Increases the volume of the basaltic layer and 
consequontl} tl1at of tho Earth as a ''hole The result IS 

that the hard crust IS deformed and ruptured p1.rtit,ularly 
on the floor of oceans \Vhl.rc enormous quantities uf lava 
Issue Tho densit} of the basaltic bed dccteases ''hen 1ts 
volume Increases nnfl consequently the grantttc matcrtal 
submerges deeper In 1t and a transgress1on of the SOd. takes 
place on the surface F1nally the ltqutd basaltic bed ts 
:5ilt 1n mot1on In a '' estcrly dtrectton by the ttdal forces of 
the r+.loon and Sun and 1t carries the conttnPnts along \VIth 

It But durtng thts dr1ft of conttnents the sections of the ba 
salt1c bed that l1ad latn beneath them s1nl.. b~lo\v ocean level 
and gradually harden as they cool Thetr denstty Increases 
and volume decreases The Earth s radtus contracts the 
Cru'3:t shr1nls the continents regatn the1r former level and 
the sea retreats ~fountain maktng processes a.ro started along 
the margtn of continents under the enormous pressure of 
the ocean floor and then a stage of rest longer than the con 
t1ncntal dr1ft phase sets 1n Once again heat beg1ns to bo 
o.ccumulatcd the basalL1c bed melted and so forth 

The J oly h"} pothests ltn1s together rcciprocall~ dependent 
phenomena nntl dtvidcs our planet s btstory 1nto rcvolutton 
~r~ (epochs of the mo,cmont of continents) ond c"\olutton 
nry (epocl1s of rest) stnges E-ndogenous forces predominate 
d urtng the rc\ olutiOh3lJ stages and c"togonous forces d urtng 
the c\ oluttonnr)- stages Thcso stages form n cl clo that 111~ 
rcpc'\tcd tlsclf O\ cr anti O\ cr "lgntn 1 n the htstot) of tho Eartl1 
Tho external ltnrmon} and lntegrtt} of the J ol) h) pothcs1 '3 
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ltaVC nttrnctctl ffiUD} gcologl~l~ to ll rs~C'nllnll) }10\\C\cr 

J ol~ s on I) ~cr\ 1rc 1s thnt he tiro'\ tl1c nttcnt1on of ~c1cn 
ttsls to r'ldlo~lll \0 dlCll~ nq fl \1 Ill f) UC source o£ lte1t 

Tllc b \'\lC obJcrttot\ to lllL J ol:, t,, 1\olltc~~~ 1s t\11.t tl1c 
Lartlt '5 111 stor) canst ~t ~ not or n c;11nplc ult ern 1t1on ol r' cnts 
but of an sntr1cnlc rcgulnr procc~~ o[ de, elopmLnt. progn ss 
Ing 1 n a tlefin1to (_llrcctlon J all docs not C1:Jlln1 n nil tho 
structural features of conttncnts nn(l mountn1n r1ngcs ll1s 
en lc ula t 1 ons nro nrb1 tr l r} poor 1} support cd I) y f nc ts. n nll 
ha' o been d1spro' cd 

A nt'' r.ndtomigratton h) pot bests ''as recent I) formu1ntct1 
b) V Bclouso\ lie rcgnrds radlo~ctlVIt) ns tl1c l..c) po\\rt 
factor anrl assumes thnt tlto dJ~tr1but1on of r1d1oclcments 
In tl1c Earll1 IS trrcgulnr antl chang1t1g Tl1o sulJcrustnl bl'at 
1ng of the rock mns'i by radtoaclt\O dec~) causes 1t to expand 
at a certain depth and thiS C"tplntns the greater dl n,_m1cs of 
\ ert1cal tectoniCS Belousov 'Sn) s that enclt geotectoniC C) clo 
ts accompanied by tho formation of grnn1t1c Intrustons 
''hose volume Is \Cry b1g but cannot be calculntcd Granttc 
has a higher content of rad1onctt\c clements tl1an an) other 
rock The rad1um content 1n It 1s three t1mes as grcnt as 10 

basalt and t" 1co as grca t as 1 n tho most rad 1 oac ti' e s~d1 
mentary rocks That 1s ''by the formation of grantttc tntru 
stons 1s accompanied bl' a chango 1n tho dtstribution of ra 
d1oclements 1n tho Earth the upper l1) crs of the Earth s 
crust arc enr1chcd '"ttb these clements and tho deepor la}ers 
correspondingly lmpovcrJshod But Inasmuch as the 1ntru 
si"'\C proccs~ cannot be reversed tho migration of radioact1'0 
elements from tho Earth s Interior to Its surface ts llkc,,tso 
.rrc,e.rsiblc In -each tccton1c cycle granlttc Intrusions form 
1n tl1e course of a certain pcr1od of tho mountain mak1ng 
epoch The spatiimodtc ''a"l granite forms tn t•mo and space 
1s due to the trregulartt~ of tho centrtfugal mtgra.tton. of 
rad1oelemcnts ond of the correspond1ng thermal conditions 
1n tho Earth The Earth s temperature gro,vs \VIth depth 
from tho surface to the lo,\Or boundaiJ of dtfius1on of radto 
actt\e clements ''here 1t reaches 1ts ma~Imum The ten 
t r1f uga l m 1gra t1on o [ rndt oa ct 1' e c lcmc n ts cools the 1 nncr 
ln)Crs or tl1c Enrtlt of \\h1ch the most probahlo conscqucnco 
ts th he \ olumc of matter gro'' s smaller 1 c contracts 

_... '!modtc m1g~alton of radtoelemcnts IS ev1tlcntl} 
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\\hat causes Irregular c.omprcsstons of tlto L.nrllt s crusL 111 

ltmc nnd SJ.i'lCC But tl1o cotlcentrntlon of tl1c~o clements 
pramarll} under tltc n "ttnl p trL of ~ gcosj nt.J 1 nt slnrts n fn.sl1 
In flO'\ o[ he'll glnCr"'lllng m 'lllcr fliHl Crt llC~ n fot.US o[ l nlcn 
1ve ltcnltng At ~orne stngo or otltcr tl11~ 1nust lca'l to ant xp'l.n 
~1on of matter and a r1s~ of the B1rtl1 s crttst (itrectl)o O\ cr 
tho area \\hero thermal radtntton ts greatest \\7hon masses 
of n~1d tnatcrtal r1~c hc1.\ tor mntar1al stnks and tl11S causes 
tompcnsatton do,,nv. arps acrompantcJ by t1to IDJCCtton of 
bas1c tntrustons to form 1n tho I:.artl1 s cru'St Bclousov thus 
recognt.ucs that thoro arc 'crl1cal nsccnlltng and descend tug 
mo,ements of the Eartl1 s crust tho former bc1ng acrompa 
n1ed by mounln1n maktng lie reJects the poss1bllit) of tan 
gen1tal mo\emcnts 

It st1ll rema1ns to be clucidntccl how mucl1 the obyssal 
zone b(l.lo'v tho 70 k1lometro suprazono Influences tecto 
gentc ]Jroccsscs AnoLher d1fftculty ts that \ve kno'' very llttlc 
of the state of matter 1n tl1o I:.nrth For example 1t IS obv1ous 
that hcat1ng must be the ca\1sc of expansion and cool1ng of 
compression But 1f only tho 70 k1lomctro surfare zone ex 
pands and compresses tho temperature changes cannot en 
sure the observed ampl• tude of crustal movl.monts 1f the pro c .. 
CuS ts l1m1ted to stmple thermal expansion and compression 
of matter Changes we kno\v noth1ng about evidently talL 
place 1n tho aggregate state of matter Without a knowledge 
of the phys1cal and chem1ral properties of abyssal matter 
tt ts tmposs1ble to make any quant1tat1' e computations 
and th1s 1n 1ts turn makes 1t tmposs1blc to formulate more 
or less reltable gcotectontt., hypothe~cs 

The ttme 1s now r1pe to rov1se from tho standpoint of 
the latest achievements 1n all branches of kno,vlcdge all 
the Ideas undcrlytn{, gcotec.ton1c h) pothe~cs Thts alone 'vtll 
make 1t posstblc to rreate a sc1enttfic and fully substanttated 
geotectonic theory 

GI:OLOGICAL !\lAPS AND SECflONS 

Geolo&lcal Afaps These maps nrc one of tho maJor results 
of field '' ork They show the geological structure of vartous 
areas of the :Carth s surface and of the Earth as a \vholo 1\ 
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geological map bring~ out tl1c (lJstrtbution on tJ1o Barth ~ 
~urfdLC of rock In) ers of dtfl(Jrent age pctrograpl11C compos1 
t1on and mineral tontcnt tho dtstrJbutton of underground 
'\ Jtcr~ and so on 

A basic gLologicdl or strattgrapl11C map sho,\s the d1str• 
Lotion of rock layers of d1ITerent ago In add1t1on there arc 
lltliologic maps sho\VIng the occurrence of vartous rocl.s 
t ec ton 1c maps gt' •ng the structure of the L arth s crust gco 
morphologt<. maps outlining the distribution of 'artous cle 
mcnts of tho Larth b surfaco relief 1n c..onncction ''1th the ge 
ological struLture of n gt' en nrc a and the htstorv of the reliefs 
transformation llj drogeologtcal maps sho,vtng the dtstrt 
but•on of undergrounrl '"aters their qualtt) depth and so 
fnrtl1 and mtncral maps g1, 1ng the ocL urrcnce qualt t y and 
otl1er features of m1nerals 

\ gcologtc1.l map 1~ comptle(l on tho basis of avatlable 
topogr1plalCAJ.l tlata A map ~ho,\rng the reltef 'v1th contour 
l1ncs 1s the mo~t con\ entent The details and accuracy dt..pcnd 
on the scale ,,}Itch IS chosen 1n conform1ty \VJth the scalo 
of tho geologtcal sur\Cj 

Tl1c usu1.l scales for n geological map arc 1) areal- -from 
1 7 500 000 to 1 500 000 2) dctatlcd from 1 200 000 to 
1 50 000 3) 'ipcc•al larger scale 

A gcolog1cal map contatn;, a table of con\ ont1onal s1gn~ 
(legend) ''It tell lists and explains the S} mbols In 1t 

A colour scnlo to dcs1gnate lite age of rocks proposed 
h) A 1\.orptnsk} \\ns a(lopted by the 1881 International 
Geolnglcll Congress It g1\es tho follo,\tng colours for tho 
1IJ fft r('nt ~trot urn S} stems 

0 Quatcrnaey ~ltght grcl or l1ght green 
t\ I\ cogcnc--11ght. ) clio\\ 
(1~ I•aleogenc~orangc 
Cr Ln ta.ccou~---....grecn 
J Jura~ tc IJlun 
l Tr11~ Jc-l•ght \ 1olet 
P J•~rmtan-Lrlck red 
(. LarbonJfcrou~-grc.} 
J) De\ on•a.n~Lro\\ n 
~ ~1lur1n n -----gn l green 
0 Ot~ln\ IClan-grecn bro\\ It 
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A stratigraphical age tnEle"t IS also g1"on In the colour 
fleld of a geologtcal map 

!-tlagmat1c and mctamorphtc roLks trrcslleCtl' c of thetr 
age are also des1gnatcd by dcfin1te tolotlrs Theso are red. 
for ac1d rocks green for bas1c rocks and ptnk for metamorphic 
rocks 

The ))etrogr1.ph1c cr.nnpos1t1on oi rocks 1s usuall~ dcptct­
eu 'Vtlh hachuros 

There IS a dofinitc order for tho legend 1n a map The ago 
S} mbols arc g\von top to bottom or loft to r1ght from ) Ottng 
to old Thc~c are follo,vcd by symbols dt..slgnattng magmat 
1c and metamorpl11C rocks ancl by tho symbols for J)Ctro 
graph1c \ar1ot1es of rocks Then follov~s thL e-xplanation of 
all tho stgns on the map (clements of tho occt1rrcnce of strata 
l1ncr:; of tecton1c disturbances outcrop5 boreholt~ antl ':,O 
on) 

Ccrtatn con' ent1ons arc pcrm1ttad 111 a gcologlccJ.l map 
Ftrst and foremost. thts concerns Quatcrnar) roLhs a thtn 
mantle of '\htch covers almost the entire sui face of the Eartl1 
nnd conceals the underly1ng beds In consequence of th1s 1t 
IS tho general practice to omtt the Quaternary dcpostts and 
sliO\v the dcpo~• ts l~ 1ng d1rectl} under them They are onl) 
left for nrcns ''here they are 'ccy lhtcl nnd no rcltablo 
data 1s a'\ a1lab\o conc~rnlng \.lto roekh bone \t\1 tht!m 
(tl1c Casptan rcg1on for c"tnmplo) or for areas '\here 1n 
tcn~l, c scd1mentntton ts proceeding r1' cr \all e) s for 
Instance 

To understand a gc-olog1cal map one must be nblo to p1c .... 
lure bo\\ tho var1ous 11.) en 1n tt hrtrmont~c \\1ll1 the rcltcf 
of tho ga vcn area 

If the str~tn Ito hortzontally tho colour of tlto ma1n nrLa 
~llO\\ n 1n the mnp 'v1ll be that of tho lnl' cr closest to the 
~urf.Jcc st.r1ps ol o\rlcr rocks'' 1ll nppcar on\) nlong \-allc)s 
~n(\ cttlots lntllcnttng l oungcr rocks '' tll be sliO\\ n 111 '' ntcr 
sllltls 

Tl1c Lountlartc<; of tl1c strntn \\ 1ll rn11 para llcl to tl1c 
conto11r o{ the rel1cf 

1 f tIt o s t r~ t ~ n ro bed d C't l ' crt 1 e "\ 11 ~ t l1 c s t r 1 p s o 11 t 11 c nt ~ Il 
'' 1ll n1n nlong tlu" str1l..c Tl1c1 r \\ 1dtl1 \\ & ll corrcspon{l to 
t\\Q. (\\~Cl.Mc:,c; Q.( t\~ ~t~t~ 

H tho "'lraln nro Lultlctl nt. nn nn~lo tbo strap~ on tho ma11 
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r, I r I h « c h 1 r ~ Itt nt 

J 1 rt t i n f f t 1, I i p t • 1 n J l 
ur ~ r t rtn t!t 11.1 (t 1: 111) 

J 

l•g Ill IH )\ L ! 1 r1~ t 
nn l ~.,.. ntl) fli pin 

r r nriz ntt11 (.1) 
f}) l1) r' 

1llo nlntsnn It l\\lL n tht I JUfl fnrlt ~ -c f t h •l r 1 c n n n ( l fil 
n rt 1 o n I t h t' t I• I' co 11 tours 'lllll n I-; 11 t Ill f.. r 1 l1t n t f t I 

nnglc u[ lhL ~tr1tn 

0 t (' 

F•g 111 DlocL t1• t~ra1 ~ 
-I t r:s t a t n c J e J t t! c a c I.J (.\(, n :. _. t r e • t u r ~ u ( 1 1 J,. r • 
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F1 g 1 1 t..~ D lock diagrams 
c-&)nc lnal toJd b-.acttcun~l toll 
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It the strata arc ineltned 1n the d1rert1on of the area gradt 
ent {but at a smaller anglo than the latter) or tf thty dtp 
1n dtfierent dtrecttons~- the relief contours and the boundaries 
of the strata w1ll be traced 1n one and the t;amo dtrect1on 
(Ftg 114a, c) If the strata aro tncl1ncd at a greater angle 
than the surface rcl1ef tho relief contours and the bound 
ar1es of the strata \v1ll be cur,cd tn oppostto dtrections 
(F1g 1 t l1b) 

On a map folds are represented by str1pes repeated symme 
lr1cally tn relation to the central odd strtpc des1gnat1ng the 
1ayer 1n the centre of the fold fhe dtfierence bet,veen svn 

a b c 

F1g t tG Block d1agram o[ a lault 1n a synel1nc 
Q.-SJDellne before the appearanCe O[ a rault b-f:ault 

c-abraded raul t eleva tton 

eltnal nnd ant1cl1nal folds 1s tn the arrangement of tho laj ers 
In n syncl1nc the central odd stripe represents tho youngest 
layer (F1g 115a) tn an nnt1eltne on the contrary 1t rep~ 
~nts tho oldest (F1g 115b) 

\\1tcn rcnd1ng n map sbov.1ng dlslocat1ons '' 1th n brea.l1n 
eont1nu1t} ... account must bo tnken of tho strtko and d1p of 
tlto ~tratn and also of the surface gradtcnt (Ftg t16) 

If tl1o stratn arc bct.ldcd unconformably thctr boundaries 
on n map ''111 Intersect nnd one scr1cs \\Ill g1\c the 1mprcs 
ston of cutl1ng oii nnotl1or (Fag t17) 

On o g~ologtcal map llu~ '' 1dth of n .stripe representing 
one nnd t\10 same ln"l cr fn..qucntly 'nrles greatl} Usually 
lltlC\ 1s duo not to Lllc ehnngC's 1n tl1c true thlekncss of the 
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"' 'W v-1~ 
"' "' v w w w-----

'W w IIIII' ..,. v 11111111 ..... .............:74 
'fi,J tJ v v "" ..J" 

~ y 1111 .,j v "' 
v .... ,; 

F~b 117 UucoHrormaiJly hl~ddNI 
slrata 

1 1 lC' L.CJ c - U pr er c arLonUc t 
J- 'lld t rlt ujfcrous J- L wcr ( r 

tJ n tcrous lj - L ppcr De' on an 

I n j c r '\ ltl cIt 1 s 11 c n r 1) nl 
\\ 1l q conslnnt hut to tbo 
c;urf lCC' rei 1ef and to tho 
lltJl of tho In) cr 1\ str1 po 
reprci;cnl1 ng n (lc finttc lal rr 
on n mall '' 1ll t]•ercfon.. 
g•' L tl1c -.pp1rcnt 1.ntl not 
true \\ 1tlll1 of tlu ... I 1l cr In 
, gr,t1tent \\ t t11 un1Corm 
true th1ckne~se~ tl1c a pp.ar 
Lnt th1tknC'~~ of ~ glnll} 
slop1ng Ia} or \\til Lc great 
cr tliall tllat or ., stccpl) 
,JJ PJ)lng I '1} cr Co11' cr~cll 
1f tlto d1p ... nglo IS uniform 
tl1c npp1rc11t th1clnc~g \\Ill 
he greater ,\JJcrL the l11p 
angle dccrcnscs (F1g 118) 

Informntton about tJ1o 
strattgr1p1ltC scctton of a 

stud1c(l area 1 e tho petrogra1)h1c composttton of the 
ln~crs tho geological sequence tl1e t111ckncss und ago IS 
gL' en 1n a geological or stratigrapl11c column ( Ftg 11 U) 

6eo log leal Sect zon 'f o g 1" o a clca rcr 1 d ca of tl1c '"D) Ia) crs 
nro IJcddctl gcologtc tl mJ.ps nrc usually a.ccompdtttcd by 
gcolog1c1l scctJons (F1g 120) 

1 Ito general prlnclplcs underl) 1ng tllL~L sections arc 
1 A ltnc '\hose cnd"l aro dt..s1gnatcd \\ttl1 letters or fig 

ures for c"<amplo I I or A~A •"' lira'' non a gcologtc tl map 
1 n it cltoscn <II recti on 

2 ..t\ seal~ 1s sclcct .... d for the SLCtlon the sc1h.~ of lcngtll 
IS U4iiu.-.lll tl1c s.Jmc as th~ "< al(.. of tlic map '' l11lt... lhL sco lc 
o£ }tCighl rna) be lnCrcascli lf 
tl1l"' str~ta -r.trc th1n 

J Till topograplttc sect1on 
ts t.nll~t ructctl on a separate 
l1c-cl of paper tn acc..ortlancc 

\\ 1t1t tl1c LIC\ nt 1011 mar~ 

1 ) 0 ng 1 c;:tl~rtl il l1 ne 1t must 
t~c nt oure- orJc-nletl 1n nlat1on F..-.., 
(o tl1r c1nlln'll po1n!~ \\Jl}J 

a, .... a, 

I I S f r u o ( t~) 'l n ~ 1 a p p 1 rt. n t 
(b) t luck ''(f~~e!J 



letter U<!stgnaLtons nL tho cndCJ (for o"Camplc, N L or 
S--\\) 

4 Gcologtc1.l dntn arc '' r1ttcn on tl1o topographtc pro filo, 
the boundarws hct\\C0n the 'nr1ous stratagrapluc subdt\ 1 
s1ons nro raarled (Ftg 121b) 

C e-J~agrca f age 

System 

Quarernarr 

Crr~aceou 

CarbonL 
fercnrs 

£pcc;h 

lowe,. 

Mldd[e 

Cl) 
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~ ., 
~t::~ lrrdex column "'l-."'-

.... 'QJI 

~ E 

0 ~ ' -..- T 
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...ll 1[ It _ll_ 

v "TT "IT ,, 
J I 1 -l 

L 1 J "'"" 2' 
f J r I 

I[ I J _L I 

7 ' T 

r r -, 
7 1 T 

a 1 r :-1 . . ~ -, 
t:. ~ :J .I 

T I _r 
_l I .T I' ..-,: 

T ! 
r · . .- ·. -.A- -. r . 

I T _,-

.l .1 :J l.. 
-y "T T 

1!: ,. L -,: 

J(/ 

~D 

10 lj 

8 rt c I des c,..r pt ron of roclcs 

Quart l sand I} ttl ow brown 
111eq ~~ q ranular coarse stJ nd 
predomJnat!ng 

Gr.e y .clay ~a "d~ da !I on top 
frne c:lay berow 
flnt! yeHow grey sand 1n tower 
p_art p11sse.r rnta 'em' grovel 1and 
Co a r s.e grauel Q t t lie base-

Wh te compact lfme tone 

YeHow darom1te w1th rare f1ne 
partings of ureen sh clay 

Y.elraw a d gr-ey marl 
Th rr p rrk greg slate clag 

C s y com pact marl 

C tlzy s ndstone J g!J 1/elloiU 
compac:1 med m grat ' ..A Ia~ ,. 
of semi gra l s nd:~ton w th o 
pebbre at the b e 

F FJt g tned sa d torrr g ey 
c mpcct 

s 0 Do rc- grey clay share 

F 1 g t 1 f) Str~t tgra ph~~ column 

5 Tho strtlcturc ts tlctcrmtne~\ h) compar1ng the outcrop~ 
of 'ar1ous strata If the bcdu1ng 1s fol{leu the la) ors 1n tho 
centre of tl1c fold~ ar~ tr~Ccll first Tltc otltcr layers nrc drawn 
niter thnt 11 ~s been llonc li ll '\ta 1s a\ a.tlable on clements 
of the bell pos1t1on ~ntl tlltcknc.ss of tho strat1 tl1o profilt 
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Gcologtcal sect1on across 1-1 

w ---- F 

P 8 L.awer Ptt~IDn 

S[3 Upper Ccrbon~ftrtJu 

Carboni feraus 

C r::1 LDwer Carbon~ ferou$ 

F10 !21 Corutruetlon of a schem.ntJe ~olog1cal acellon 

a 
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1s constructed schcmattcnll) In tho latter case tl1c strata 
•ncltnc IS chosen so lhnt tho true ti1J ch.n~sq of cacl1 Ia} cr IS 

constant througltout tlto cnt•ro sect ton (~ Jg 121 c) 
6 A colour or hachure IS selected. for each profi)L anti 

1s 1ndtcated tn tho legend 
7 The sect1on must be stgitcu 
An ablltty to read gcologtcal maps nnd scctJons l1cJps to 

form a clear ptcture of tho gcologtcal structure of n g1 vcn area, 
of the types of rocks occur1ng 1n that area ortd also of Jts 
geologtcal h1storl 
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A 

Ambartsum) 111 \ A 14 
Arkho ngc l~ky \ [) 27 1 

Arrl,~n \ llS 1 g9 

D 

Dc1umont Cl1o dt.. 271 
Dclou~ov V V 27 J 27G 
Dcrtranu Alurccl Ale"<andro ~72 
DogdanoviLh h.. I 228 
llogolcpov 1\1 37 27--.~ 

c 

de Cor10l1s Gnsparu Gusta\ c 4~ 

D 

Dan3 James D\\Jght 271 

II 

llauq r 271 
Jlc1n~ AILrrt :!, I 

1oly 
JolJ) 

John 21 .~ 
Plullpp 

J 

'on 20 

h.u lesn1 k S \ ""1 179 
kant Immanuel 1 I 
hnrp1nsky \ P 278 
l\.hlop1n V 268 
h..obcr Leopold 272 
1\.omnrov V L 228 
h.. and radt S 228 
h. rasben 1nn I 1-.0\ S p 227 

L 

Dokuch3)CV \ V 115 Laplace Pterre 12 
Dutton Clarence Ed\\nrd 272 Lukashc\tch J D 27.2 

F 

Fcscnl.o' \ G 1~ 

G 

GoltlS) n \ ' 235 
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Nenadker1ch k A 2G8 

0 

ObrucLc" \ A 273 
Omel)an~l.~ V L ~a 



n 
Uc1d llarry F1eld1ng 271 

s 
Scbmtd t 0 Y 13 
Shantsev E V 145 
Shokalsky "\ ~I 39 
Solovyov S 179 
Stlcss Eduard 272 

T 

Tolst1khtn N 167 

20* 

\ 

Vernad~l1 \ I tJO 51 114 166 
2GS 

V1nogradov A P 5--.t 
Vote) kov A I 48 

,, 
\\ cgcner Alfred Lothar 273 
\\ Jlltams \ n iiv 

z 
Zavar1tsly A 228 



A 

A bras2on ~ 90 
Abyssal rocks 214 

ste Roc~s 
Ab)SS1.l scd1mcnts 19r 

sec Sed1 men t"i 
Accessory m 1ncr"lli ~G 

Gtc Af1nera1~ 
A cui J l' a 222 

Itt 1""'1' "l 
Ar!d rock9 88 91 9J 

$te Rocks 
Actl' c Ia} cr 167 
A~atc. 73 
Age 2G8 
Albite 85 
Alka l1ne rocks g 1 

... tee Rocks 
Allochtbonou::. coal 212 

see Coal 
AJluvJal fans t~3 155 
Alluvutl terraces 151 

.see Terraces 
Alluv1um 145 
Alp1ne (oldtng 232 2GO 

ree Fold1ng 
Alumosiltcates 80 84 
Amazontte a ... 
Amorpbous state 55 
Amphibole 81 
Amygdules 60 
Andes1te 91 9~ 

2BB 

\nJ.,..ul1r unr lnforlnll\ ,..,J 
\nh) tlratu 79 

A1HSOirop1c vJ 
Anorlboclas~s 8 1 

Antcchsl's 2G I 
Anlhrac1to 107 2 I 1 
Ant1cltn~s 2,7 
Ant1chnornnn 2 •'~ 
Anl1C) l.loncs 3J 
Autu~p1c~nlrc .l17 
Ant•gortl~ SJ 
Aphant!lC s!rucluro S9 
Appleton 11) c-r 31 
Aqu~ogl1c1al d(\pocuts 186 
Arngonttc 77 
Archean t"rl 2u8 

see Crl 
1\rc t1c Occ1 n 39 
Arenaceous rocls 99 10 l 

see 1\ocks 
Argtllitc 103 
Artesian bas1ns 16u 
Artesian \\ell 16~ 
Artesta.n Vta ter bear1ng bed 165 
Asphalt 107 108 
At1anttc Ocean 39 
Atmos~bere 28 29 
Aug1te 81 
Auroral dtsplars 29 
Autochthonous coaJ 212 

8tt! Coal 
AvalatLcbcs 177 



A \Cr1h'C '~lcou, rocL~ h'; 9J CJ1 
s~e ltoel! 

J\X l! 0 ( symmetry lJ7 
,\z.ole u l 
1\Z.UrllC 78 

n 
D.:~c tcr1n spores SO 
D1rL.b3n -cbnins 130 
Darkbn.ns 130 
ll3.1) sphcro 22 
Basalt 93 
Dasalt1c magma 21~ 

st~ ~lagma 
Dasc Jc, cl of cros1on 137 1 iS 
Das1c Ia' :t 222 

ree Lav3 
Dn s1e magma. 2 t 1 

1te ~lngm1 
Dnste rocks 88 91 93 

If~ llotks 
DathOlllh3 215 
Dra.thal zone i9l 
Ba.u:~ato tOG 
Denn ore 75 
Belt of e~m~ntatton 53 
Benthos 53 
Denton1te 102 
D1n3ry gran1to 95 
D1olog1cal '\\co.thcrtng 114 
Dtosphere 28 50 53 
D1ottto 82 
B1ot1 tc scb 1st 109 
D1valvc mollusks 51 
Dlock.s 100 
Dluo mud 198 

see 1.lud 
Dog orcs 75 211 
Doratcs 106 
Boulder loam 103 
Douldcrs 100 
Brachyaxial folds 2 t8 
Brecc1a 100 
Drtnes 160 20 i 
nro~n coal 107 212 

ste Coal 
Drown 1ron oro 75 
B ro'\\n so1ls. 121 

see So1ls 

( 

C1.lc1rlOU'J nlg1c ~ 1 
Calcite 7G 103 
CaldCT19 218 
CnJcdonl1n !ohl1ng 2GO 

tee } old1ng 
Ca n1 ons 1 '"'2 
Cnp g1nclcrs 180 

Ete Glnctcrs 
Carbon1crous. rocks t03 

ree flocks 
Cnrbonnto of c:.od1um tOG 
Carbon:&tcs 7G 
Carbon1£ero1.13 pcr1od 270 
Caustob1oltths ~I !06 
Ccno%OJC era. 270 

see I rn 
Centro or symmetry 58 
Chalcedony_ 73 
Chnleopyr,to 70 
Chalk fOi 
C11Cm1cal rocks 99 103 

ste Rocks 
Chemical '\\ cnthcr1ng 113 
Chcmozem f20 
Ch-estnut soJis 120 

Bte So1ls 
Chlor1to 83 
Chlorite state 109 
Ctl1atc tnlusor1nn 52 
C1rqucs 177 
Clnsslftcatlon of volcanoes .22t..t 
Cl1sttc rocks 99 

s~e Rocks 
Clay marl 103 
Clay sh3lcs 109 
CJcavago 63 
Coal f07 211 

Allochthonous 212 
Autochthonous 212 
Drown 107 212 
liard 211 212 
Peat 211 212 

Cold pole 189 
Col1tcs GO 
Colour scale 278 
Combust1 ble shales 107 
Comets 16 
Compact l1mcstone 101 
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set G l~-r.lers 

\ nr\cd cl13- s t86 207 
\ Clll 21() 
\ lnt funnel 218 
\ oJcantc ash 97 220 
\ olcnn1c born b 97 ..... 21 
\ ol<.anJc. C"lrtlJquah.o 231 
\ olcJ ntc g-J.:, 221 
\ oJtdn IC gl1ss 9G 
\ oh .. antl Ia" 1 2~2 

see L l\1 

\ O]l...lDIC mUd 199 
see I\Iud 

\ o lca.n1c sand 97 199 220 
\olean 1c tuft 9 ~ 2-.j 1 
\olcan1~m 216 
\ oll'"ano 218 

'' 
\\a~ tt. mant lr- 1 L.J.w 

\\aterfall 152 
\\ a tcr res1 ~ting bed 1 GO 
\\a ter rcststtng rocks 155 

see Rocls 
\\ ater res1st1ng roof 162 
\\ ater table 160 203 
''a ter tight rocks 155 

.see Racks 
\\ atcr 159 

De~cend 1n {J' 163 
Ground 157 1..19 
l-f1 ab 1 .12 
Infrapcrmafrost 16, 
lnterp'lrmafro~t 167 
Interstr~ ta I 162 163 
\IJgmatH.. 158 
1\ftddle (tntcr~trataJ) 162 
Sod 159 



Subsotl 1u0 
Supcrpcrmafrost 167 
UnderJfound 155 
Vado~ 159 
'\ oung 158 1v9 

\\ave-cut tcrrJ.ce 192 
see fcrra ccs 

\\ ea tber1ng 111 
\\ ea tber1ng cru~t 114 
\\ h1te alkall so1ls 117 t2t 

see Soils 
\\ lnd "avo 44 i 91 
\\ orld Ocean 39 

\nrdang 12v 
'\ oung '' ater 1-.~8 

see 'Vater 
\ outhful relief i'j9 

see fiellef 

z 
ZOIC 51 
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